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Executive Summary 
The world is increasingly turbulent with shorter and shorter technological life cycles and 
more and more frequent changes in customer demand. This situation implies that flexibility 
and agility are crucial for producers of products and services. Much effort has been directed 
toward understanding innovation and the ways in which management can increase the value 
of innovation efforts. As a consequence, suggestions emphasizing different aspects of 
innovation and creativity have been put forward. However, the value of architectural 
knowledge for innovation is increasingly recognized as crucial with modular architectures 
proposed as one way of increasing the rate of innovation by introducing flexibility and agility 
without sacrificing efficiency.  
Modularity is a way to design a system with the intent of reducing its complexity by 
decomposing the system and reducing interdependencies between the subsystems of the 
system through standardized interfaces. Systems designed in this way allow for greater 
flexibility through recombination; however, they retain efficiency by means of 
standardization and scale economies from the reuse of components. For this reason modular 
architectures present an interesting solution to the dilemma of whether to invest in innovation 
or in efficiency. The topic has received much attention in the face of demands from customers 
for increasingly heterogeneous products and services. However, an important aspect to keep 
in mind is that, while decomposition is a powerful way of reducing complexity, most real 
systems remain only nearly decomposable (Simon, 1962) or loosely coupled rather than 
uncoupled (Orton & Weick, 1990).  
Although modular architecture has been on the research agenda for well over 40 years, the 
literature on modular architecture of physical products has grown significantly during the past 
two decades. Several typologies, frameworks, and empirical investigations have led to a 
significant insights on modular products. However, the extent to which the same frameworks 
can be applied to the domain of services still remains an open question. Although many 
managerial challenges are similar in the delivery of goods and services, there are significant 
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differences. These differences would suggest that modularity of services and service 
processes presents different challenges than modularity of products does.  
These differences notwithstanding, practitioners have in recent years been presented with 
information and communication technology that supposedly offers the capability to create 
loosely coupled system architectures based on the notion of well-defined services, acting as 
components of business functionality. Service-oriented architecture has thus been presented 
as a definitive approach to achieve both economies of scale and substitution as well as to 
achieve agility and flexibility. However, the open systems nature of service delivery systems 
might also require us to consider the extent to which modularity operates in the same way as 
for products.  
A frequent assumption in the literature on modularity of product architecture is that the 
important interdependencies between components of the architecture can be identified a 
priori, in order for the components to be partitioned in such a way that interdependencies 
across modules are minimized. Recent empirical studies have questioned this assumption, 
(Türcher, 2008; Garud et al., 2007) in the context of services in particular (Staudenmayer et 
al., 2005; Miozzo and Grimshaw, 2005; Zirpoli and Becker, 2011). In this context important 
interdependencies have a tendency to emerge unexpectedly. As a result management must 
direct attention toward managing interdependencies as they arise and mitigating their negative 
consequences, rather than attempting to fully specifying them a priori (Staudenmayer et al., 
2005). This observation about management attention resonates well with the earlier 
suggestion by Garud and Kumaraswamy (1995) that management systems and incentives play 
an important role in realizing modularization. However, only a few empirical studies have 
investigated the way in which management systems are involved in realizing modularization. 
This thesis examines the management of modularity of service process architecture. It asks 
the research questions of how is it possible to conceptualize and measure modularity of 
service processes? and how does process modularization unfold and challenge the 
architecture? To answer these questions a longitudinal case study was conducted at a Danish 
financial service provider that has specialized in providing administration of financial 
schemes for public and private organizations.  
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The research findings demonstrate how service process modularity can be conceptualized and 
measured through the use of the service modularity function. The main contribution of the 
thesis, however, is to show that the development of the architecture is a dynamic process in 
which multiple performance criteria are at stake and are affected by intended and unintended 
consequences of actions and compensatory actions taken. The study documents the use of 
company-initiated mechanisms of control for reducing uncertainty arising from the 
emergence of unintended interdependencies. 
The thesis thus provides deep insights into the effect of management control mechanisms 
created in response to uncertainties within the modular architecture. Although they mitigate 
uncertainties, they have the paradoxical effect of introducing rigidities into an architecture 
that was initially constructed with the intention of providing flexibility and agility. 
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Resume 
Verden bliver tiltagende mere turbulent med kortere og kortere teknologiske livscykler, og 
hyppigere ændringer i kundernes efterspørgsel. Denne situation bevirker, at fleksibilitet og 
agilitet er afgørende for producenter af produkter og services. En stor indsats har været rettet 
imod at forstå innovation, og måderne hvorpå ledelse kan øge værdien af 
innovationsindsatser. Som resultat er der blevet fremsat forskellige forslag, der fremhæver 
forskellige aspekter ved innovation og kreativitet. Imidlertid bliver værdien af arkitekturel 
viden for innovation i stigende grad opfattet som afgørende, og modulær arkitektur er blevet 
foreslået som en måde at øge innovationsraten ved at introducere fleksibilitet og agilitet uden 
at ofre effektiviteten. 
Modularitet er en måde at designe et system på, med henblik på at reducere dets kompleksitet, 
ved at dekomponere systemet og reducere gensidige afhængigheder imellem systemets 
undersystemer gennem standardiserede grænseflader. Systemer designet på denne måde giver 
mulighed for større fleksibilitet gennem re-kombination. De fastholder dog effektivitet 
gennem standardisering og skalaøkonomi fra genbrug af komponenter. Af denne årsag 
fremstår modulære arkitekturer som en interessant løsning på dilemmaet om, hvorvidt der 
skal investeres i innovation eller effektivitet. Emnet har modtaget megen opmærksomhed i 
lyset af efterspørgsel fra kunder efter mere heterogene produkter og services. Imidlertid er et 
vigtigt aspekt at holde sig for øje, at mens de-komponering er en stærk måde at reducere 
kompleksitet, så er de fleste virkelige systemer kun næsten dekomponerbare (Simon, 1962) 
eller løst koblede frem for ikke koblede (Orton og Weick, 1990) 
På trods af, at modulær arkitektur har været på den forskningsmæssige dagsordnen i over 40 
år, så er litteraturen om modulære arkitekturer for fysiske produkter vokset markant indenfor 
de seneste to årtier. En række typologier, rammeværk, og empiriske undersøgelser har 
medført en væsentlig større forståelse for modulære produkter. I hvilket omfang de samme 
rammeværker kan overføres til services, er imidlertid stadig et åbent spørgsmål. På trods af, at 
mange af de ledelsesmæssige udfordringer er tilsvarende i leverancen af produkter og 
services, så er der også væsentlige forskelle. Disse forskelle antyder, at modularitet af 
services og service processer stiller andre udfordringer, end modulære produkter gør. 
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Uafhængig af disse udfordringer er praktikere i de seneste år blevet præsenteret for 
informations- og kommunikationsteknologi, der antageligt tilbyder muligheden for at skabe 
løst koblede systemarkitekturer baseret på veldefinerede services, der fungerer som 
komponenter af forretningsfunktionalitet. Service-orienteret arkitektur er således blevet 
præsenteret som netop en måde at opnå både skalaøkonomi og substitutionsøkonomi såvel 
som agilitet og fleksibilitet. Imidlertid gør service leverancesystemers natur som åbne 
systemer, at det måske også forudsætter, at vi overvejer, i hvilket omfang modularitet kan 
fungere på samme måde som for produkter.  
En hyppig antagelse indenfor litteraturen om produktmodularitet er, at de væsentlige 
gensidige afhængigheder mellem komponenter i arkitekturen kan identificeres a priori, 
således at komponenter kan partitioneres på en måde, der minimerer afhængigheder imellem 
moduler. Nylige empiriske studier har imidlertid sat spørgsmålstegn ved denne antagelse 
(Türcher, 2008; Garud et al., 2007), særligt når det gælder service kontekster (Staudenmayer 
et al., 2005; Miozzo og Grimshaw, 2005; Zirpoli og Becker, 2011). I denne kontekst har 
vigtige afhængigheder en tendens til at optræde uventet. Som konsekvens må ledelsen retter 
opmærksomhed mod at styre afhængigheder som de opstår, snarere end at forsøge at 
specificere disse fuldstændigt a priori (Staudenmayer et al., 2005). Denne observation 
omkring ledelsens opmærksomhed stemmer godt overens med det tidlige forslag af Garud og 
Kumaraswarmy (1995), at ledelsessystemer og incitamenter spiller en vigtig rolle i at opnå 
modularisering. Imidlertid har kun få empiriske studier undersøgt, hvordan sådanne 
ledelsessystemer er involverede i opnåelsen af modularisering.  
Denne afhandling undersøger ledelsen af moduaritet indenfor service proces arkitektur. Den 
stiller forskningsspørgsmålene hvordan er det muligt at konceptualisere og måle modularitet 
af service processer? og hvordan folder proces modularisering sig ud og udfordrer 
arkitekturen? For at besvare disse spørgsmål er gennemført et længerevarende case studie ved 
en dansk finansiel serviceleverandør, der har specialiseret sig i at levere administration af 
finansielle ordninger for offentlige og private organisationer.  
Forskningsresultaterne demonstrerer hvordan service proces modularitet kan konceptualiseres 
og måles gennem anvendelse af service modularitets funktionen. Afhandlingens primære 
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videnskabelige bidrag er imidlertid at vise, at udviklingen af arkitekturen er en dynamisk 
proces, i hvilken multiple præstationskriterier er på spil og påvirkes af intenderede og 
uintenderede konsekvenser af handlinger og kompensatoriske handlinger. Studiet 
dokumenterer brugen af virksomhedsinitierede kontrolmekanismer beregnet på at reducere 
usikkerheder opstået som følge af uintenderede afhængigheder Afhandlingen bidrager derved 
med dyb indsigt i den effekt ledelsesmæssige kontrolmekanismer skaber som svar på 
usikkerheder indenfor den modulære arkitektur. På trods af at de håndterer usikkerheder, så 
har samtidig den paradoksale effekt at de introducerer rigiditet i den arkitektur der oprindelig 
var skabt med henblik på at skabe fleksibilitet og agilitet.  
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Part I 
Theorizing on Modularity  
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Chapter 1 Introduction 
This chapter will provide an introduction to the thesis and the research questions addressed by 
the thesis. In doing so section 1.1 will discuss the motivation for the thesis by introducing the 
literature with which the thesis engages. Section 1.2 will continue this by elaborating on how 
the thesis seeks to contribute to the literature. On the basis of this, section 1.3 will present the 
research questions of the thesis, and section 1.4 will briefly discuss how these are addressed 
empirically by introducing the research method. Finally section 1.5 will provide an overview 
of the structure of the thesis. 
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1.1 Motivation 
Services are playing a growing role in the economy not just in Denmark but internationally 
with the perspective of an increasing importance of the trade in services. For service 
companies the ability to develop their services and delivery systems is playing a major role. 
In practice increasing attention is given to the importance of innovation for the ability of 
service companies to adapt in an ever changing world. Such abilities are crucial for long term 
survival in the face of rapid changes in the marketplace. Much research has investigated how 
the conditions for innovation can be improved, and how creativity can be stimulated i.e. by 
influencing organizational and cultural parameters. Innovation is frequently portrayed as a 
benefit which is generally to be preferred to less innovation.  
However innovation also carries changes and challenges to existing ways of operating thereby 
eroding the value of existing competencies. While it is expensive to innovate increased 
complexity of service offerings can also have negative consequences for the operation of 
underlying service delivery systems. For management this calls for a more nuanced 
understanding of innovation and how it can be sensible to dose and ration on innovation. 
Development and marketing of new services can thereby be seen in relation to the 
development and adaption of the operational activities through which these are delivered. 
Understanding the impact of architectural knowledge on innovation adds an important 
distinction by introducing architectural and modular innovations as alternatives to the 
traditional distinction between radical and incremental innovations (Henderson and Clark, 
1990).  
Modularity is exactly about these two types of innovation, architectural and modular and how 
they can be achieved through the development of architectural competencies. Through 
standardization and reuse of components modular architectures have been proposed as one 
way of increasing the rate of innovation and adaptation while maintaining efficiency. For that 
reason modular architectures present an interesting potential solution to the dilemma of 
investment in innovation or efficiency. Ulrich (1995, p. 420) defines product architecture as 
“(1) the arrangement of functional elements; (2) the mapping from functional elements to 
physical components; (3) the specification of the interfaces among interacting physical 
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components.” According to Ulrich modular product architectures are characterized by a one-
to-one mapping from functional elements to physical components and decoupled interfaces. 
Through the opportunity of recombination modular architectures can thus be one way of 
increasing variety without increasing the costs which would otherwise be connected with 
increased flexibility (Ulrich 1995).  
Research in product architecture has been well established but an interesting question is to 
which extent the established knowledge from this field has relevance to service organizations. 
A characteristic of many services is a high degree of variety caused partly by heterogeneous 
preferences of customers and the fact that customers themselves contribute with input to 
service production and are present during the process (Sampson & Froehle 2006). In order to 
meet the individual customers demand it is thus often crucial to be able to adapt the service. A 
significant part of such adaption happens through the person to person interaction between the 
customer and front line personnel. However an alternative or complement is to adapt services 
by configuring heterogeneous service elements in an individually adapted service package. It 
is thus important to distinguish between personalization and customization (Voss & Hsuan 
2009) with the latter facilitated by an architecture enabling reconfiguration.  In that 
connection knowledge on architecture and modularity should feature prominently in service 
contexts as well.  
Voss and Hsuan (2009) point exactly to how such use of the notion of architecture can be 
used in a service context and they seek to operationalize this by decomposing the service 
architecture and analyze it in light of its elements (nodes) and interfaces (linkages). By 
investigating the various elements and characterizing these as either standardized or unique 
Voss and Hsuan are able to establish different degrees of modularity. Such conceptualization 
and measures can contribute to the design and management of complex service architectures. 
Architecture and modularity is closely related to the notion of mass customization (Pine 1993, 
Feitzinger & Lee 1997, Fine 1998) and the platform perspective (Meyer et al. 1997, Meyer & 
Lehnerd 1997, Robertson & Ulrich 1998).  According to the platform perspective it is exactly 
the established platform which is intended to be kept stabile with the intent to create variety 
through innovation and recombination of modules (Meyer & DeTore 2001). The platform is 
 17 
 
thus the physical manifestation of the design rules which are established as a part of the 
architecture (Baldwin 2010). 
Service architecture is thus a relatively new field of research in which empirical studies is in 
demand (Voss & Hsuan 2009). There are differences between manufacturing and services 
which naturally imply that both elements and interfaces have different characteristics. For 
example de Blok et al. (2010) on the basis of case studies of elderly care in the Netherlands 
show that  modular components function differently depending on the time of interaction and 
interestingly that the logic is different than in manufacturing as compared to the model of 
Duray et al. (2000). They conclude that in the early customer interaction there is a low degree 
of customization in which the primary service modules are configured. The detailed 
configuration of the care package however required that the service personnel interact with 
the client which in their case is an independently living elderly with a need for care. Service 
modules and components (and thereby also the degree and type of standardization) thus play 
different roles depending on the time of delivery. They thus point out that the interface 
between service modules can play different roles depending on whether the intent is to create 
variety or coherence and depending on whether the interface is between humans or objects in 
the service production. 
1.1.1 Using architecture as a strategic weapon  
Baldwin (2010) emphasizes that architectural competencies play a crucial role and she shows 
how such competences can be utilized by an entrepreneur to challenge incumbents. She points 
out that by utilizing their knowledge about the architecture firms can choose to focus attention 
on essential modules which are acting as bottlenecks for system performance and outsource 
remaining modules. Again the central questions of how modules are defined and not least 
how their interfaces are designed arise. Which modules and interfaces are thus to be 
proprietary and which can be made open and thereby be placed outside the boundary of the 
firm? A central point in the theory of modularity is exactly that modules create what Baldwin 
notes as ‘thin crossing points’ that is interfaces through which market transactions can occur 
(Baldwin 2008). A modular architecture thus enables firms to place part of the architecture 
outside of the boundary of the firm. Which parts is thus a central question to which Baldwin 
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answer that it is exactly the architectural competencies of the challenger that enable him to 
know which modules constitute bottlenecks for system performance. By keeping and 
developing these it is possible for the challenger to increase system performance and at the 
same time minimize the need for capital by outsourcing non-essential modules. This 
combination, she argues, presents incumbents with a formidable challenge and is as such a 
lethal strategic weapon. 
Innovation is critical but it is not trivial to determine which kind of innovation to choose, as 
innovation challenges existing capabilities in different ways. In any case architectural 
competencies play an important role and the design of service architecture and the 
specification of interfaces are critical. However the development of such competencies is in 
itself full of dilemmas. In example the establishing of architectures and determining of 
modular standards often imply an intention to create options for recombination. However the 
architecture could alternatively have been kept open and the interfaces that through 
standardization have been established could have remained uncertain. Thereby other options 
could have existed potentially implying even more radical innovation. A managerial 
challenge is thus to determine when and how to close the architecture to create important 
options and not disregard even more important options in the process. 
1.1.2 Design of service processes 
In contrast to the design of physical products, designing service processes is to a large extent 
about organizational design, design of decision rights and rules and the design of information 
technology. There are thus many dimensions at work and decomposition in just one 
dimension would seem insufficient to capture the benefits of modularity. For modularity to 
work it seems that you must be able to decompose in many dimensions implying that many 
entities must be aligned by the designers. Secondly as described above service systems are 
often characterized by high degree of variety and importantly like organizations service 
systems are open systems (Lilrank, 2010) with the turbulence which follow from this 
characteristic. Most theories and investigations of modularity however assume that the 
architecture can be specified a priori (Garud et al. 2008) Different types of modularity and 
different ways of standardizing interfaces are addressed but the questions of the complexity of 
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the process of modularization are seldom raised. Based on my case study I was puzzled to 
see, that the architecture rather than being a fixed entity established a priori was indeed 
described as something which had been subject to major changes during the course of 
developing and implementing the new processes and systems. Attempts were made with 
much effort to establish overall architectural principles a priori, but upon implementation 
critical aspects of this architecture was challenged. Tensions between implementation efforts 
and architectural principles thus influenced the principles of the architecture and reduced the 
power of the architecture.   
Likewise the appearance of determinate specification and unity across the different lines of 
services was only clear when described on abstract levels. When working on detailed levels 
the restrictions of practice challenged the specifications necessitating changes to components 
and modules. The intention was to create generic modules consisting of reusable components 
which could be compiled to establish the individual lines of service. This was intended to 
lower cost by reducing redundancy and achieving economies of substitution. At the same time 
it was intended to lower the time required to configure a new line of service, as components 
would only have to be defined once, with subsequent reuse. Finally this architectural 
approach was intended to promote flexibility and thus enable business agility.  
However it turns out that the architecture exactly because of the reuse of components across 
multiple service lines become vulnerable to effects at the system level. To enable reuse of 
components it is often necessary to make alterations to the component in order to 
accommodate the requirements of different service lines which were not anticipated when the 
component was first designed. However this introduces the risk of unintended consequences 
to the service lines in which the component has previously been used. In order to mitigate 
this, alteration of components could be reduced or the consequences of alterations inspected. 
Reducing alteration of components either requires sufficient foresight to develop components 
which are capable of meeting the needs of the lines of service not yet implemented, or it 
requires the introduction of new component variants which thus increase the complexity of 
the architecture and reduce the economies of substitution. Alternatively any alteration in 
components could be required to involve testing of existing lines of services potentially at the 
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system level. This, however imply costs as testing is a time consuming activity requiring 
coordination. The intention of reusing modules of processes across services thus had the 
paradoxical effect that it did in fact enable the creation of a business platform from which 
new service lines could be added but only to the extent that they relatively closely resemble 
existing lines of service. Furthermore a consequence of component reuse was that it 
constrained the flexibility of the architecture to meet new requirements from existing service 
lines.  
1.2 Contribution to the literature 
Underlying much of the literature on management in general and the use of specific 
management concepts is an implicit assumption that structures can be purposefully designed 
via an a priori understanding of the requirements and goals resulting in a complete 
specification of the resulting requirements for the components of the structure. As Garud et al 
argue this may well be have been an appropriate case in settings of relative certainty and 
stability, but in current turbulent and evolving environments this is an inappropriate 
conceptualization of the role of design in management (Garud et al., 2008). On the contrary 
they argue that in such contexts design may well be characterized as incomplete and that it 
can be quite appropriate to purposefully design for incompleteness as in shown in the case of 
the Linux operating system and the open encyclopedia of Wikipedia (Garud et al., 2008). 
Similarly the underlying assumption that the architecture can be designed prior to its 
implementation and thus that design rules can be specified a priori is frequently made within 
the literature on modularity. This assumption presents an interesting puzzle as the design of 
architectures obviously requires architectural competencies and detailed knowledge of the 
system being designed. Although much of this knowledge can surely be acquired through 
analysis and planning activities it begs the question of how the design of an architecture can 
be unrelated to its implementation. As noted by Simon there will often be a conflict between 
the issues of the present and planning for the future as “It is a commonplace organizational 
phenomenon that attending to the needs of the moment – putting out fires – takes precedence 
over attending to the needs for new capital investment or new knowledge” (Simon, 1996, p. 
161). The design and implementation is thus linked on the one hand by the attention given but 
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perhaps more importantly our abilities of foresight is limited and the process of designing 
thus become one of deciding on actions which have both intended and unintended 
consequences thus requiring reflexivity and alteration. “The idea of final goals is inconsistent 
with our limited ability to foretell or determine the future. The real result of our actions is to 
establish initial conditions for the next succeeding stage of action” (Simon, 1996, p. 161). 
Recently these emergent properties of design and the role of reflexivity have received 
attention in the study of design (Boland & Collopy, 2004; Beguin 2003; Schön 1983) the 
design of information technology (Orlikowski, 2010; von Krogh & Haefliger, 2010; 
Orlikowski, 2000) and organizational routines (Pentland & Feldman, 2008). As Orlikowski 
point out “Designs are conceived and developed on paper, whiteboards, and computers, with 
models, graphics, and text, in software, hardware, foam-core, and mortar. They are 
representations of possible realities. However inventive, intuitive, brilliant, or beautiful these 
designs may be, their ultimate value is dependent on the engagement of others. They are 
incomplete until realized in action, until integrated into the everyday practices of human 
actors for whom the designs are a means to an end” (Orlikowski, 2004, p. 93). This 
integration leads to intended and unintended consequences of which the designer needs to be 
aware, and as such the process of designing can be characterized as “a conversation with the 
materials of a situation” and “in a good process of design, this conversation with the 
situation is reflective. In answer to the situation’s back-talk, the designer reflects-in-action on 
the construction of the problem, the strategies of action, or the model of the phenomena, 
which have been implicit in his moves” (Schön, 1983, p. 78-79).  
Thus the idea of modularity turns out to present us with a paradox that while modularity is 
intended to reduce complexity by coordinating disparate components through standardized 
interfaces at the same time it introduces new complexities which require coordination efforts 
by managers. As such it would seem that in investigating modularity these complexities 
rightly deserve attention in order to understand how managers deal with these and the 
dilemmas they present. What started as an assumption underlying the idea of modularity, that 
we are required to specify the design rules of the system a priori, thus turn out to be 
questionable in the sense that maybe the design rules not only deserve attention as a starting 
point but could well be entities which are challenged and reconstituted when they are put into 
 22 
 
practice. As abstract ideas overall principles of architecture only involve friction when they 
become boundary objects for decisions made in ‘the real world’. They become interesting and 
potentially problematic when they are present as limitations to decision makers and have 
consequences for the decisions that are made. In order to understand the dynamics of 
modularity it is thus necessary not only to study the causes of modularity, its different types 
and direct effects, but importantly to be aware of unintended consequences and how these are 
dealt with by managers and designers in their efforts to achieve their objectives. Including 
such a view would allow for a greater understanding of the dynamics of modularity when it is 
introduced in a social setting such as the design of service processes. 
Curiously however, only sparse attention is given to this aspect of architecture and design 
within the literature on modularity. The work of Garud et al. (2008) present an interesting 
exception which challenges existing views by questioning the sequence of events in design. 
Through a pragmatic approach to design they study the question of what it means to design 
for incompleteness or incomplete by design. As they note this does not seem to be the case, as 
what could be thought of as the pivot point of modularity is often transformed into an initial 
assumption. That is an assumption of decomposability in which the object of study is the 
effects of this assumption. Türtscher (2008) go so far as to ask what actually comes first, an 
architecture with design rules specifying how modules should interact or the modules 
themselves leading in the end to a modular architecture. He explore this question through a 
case study of the design of ATLAS, a specific detector in the large hadron collider at the 
European Organization for Nuclear Research (CERN). The study demonstrates how the 
architecture was the result of numerous negotiations over discrepancies between researchers 
working on different components of the detector rather than an a priori specified architecture. 
Given the nature of the project it was not possible to foresee in advance the interdependencies 
of components which often emerged in unexpected ways. As a consequence the critical 
design decisions were made as a series of “trials” in which researchers would argue their 
respective case in order to reach a solution which would satisfy both of the interdependent 
components. By following the resulting decisions which were published and co-authored by 
the negotiating researchers Türtscher was able to address a central assumption in relation to 
the design of modular systems, the role of the architecture. His study questions the 
 23 
 
assumption of ex ante specification determining the rules of the architecture and show the 
design process as an iterative process through which the architecture emerged as the result of 
reflexivity and negotiations between designers and the design.  
1.3 Research Questions 
This thesis will engage in the important topic of architecture and modularity within the 
context of service processes. Modularity is primarily about reducing complexity by 
decomposing a system into independent or nearly independent entities which is still able to 
function as a whole through standardized interfaces. The thesis will thus address the research 
question of how it is possible to conceptualize and measure modularity of service processes? 
However when investigating modularity in practice it turns out that what is intended to reduce 
complexity is in itself a complex enterprise. The principles which the architecture lays out are 
not entities independent of their implementation but are themselves challenged as modules are 
created and modified in the implementation of the architecture. By addressing the question of 
how the architecture is established and transformed and by following projects of 
implementation his thesis will thus also ask the question of how the process of modularization 
unfolds and challenges the architecture? Through a case study of a Danish financial service 
provider this thesis will show that defining the boundary around modules becomes a 
challenging endeavor when the heterogeneous requirements of praxis sets in. It is thus one 
challenge to design abstract principles and ‘power point’ modules but quite another to follow 
those principles and specify the workings of the modules at detailed level required by 
practical implementation. 
1.4 Research method 
This thesis attempts to study this question of design through case research in a financial 
service company which during the course of several years have been designing and 
implementing new processes and systems. The case study reveal that while the company has 
deliberately chosen a path to process and system design which resemble principles of 
modularity this venture has brought about consequences which the company have attempted 
to mitigate by establishing a range of coordination and control mechanisms. These 
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mechanisms however are not neutral in the sense that they impact the outcomes of the design 
efforts and are as such important to include when attempting to understand modularity in 
praxis. 
An interesting facet of the case company is that they during the course of 6-7 years have been 
replacing almost all existing systems and introducing a re-organization from a functional 
service line organization into an organization with shared functions, systems and processes 
across service lines. Through this reorganization it was intended to achieve both scale 
economies as well as faster time to market through the reuse of applications and processes 
across service lines. This endeavor was undertaken as a major architectural development 
resulting in a new Business Platform. As part of this development each of the existing service 
lines were implemented on the Business Platform. The platform was to be built based on 
Service Orientation, which through loose coupling and reuse of services was argued to 
provide both flexibility and scale economies. During the period many companies have been 
attempting similar development projects but it turns out that the service oriented paradigm has 
inherent challenges. Many service oriented architecture projects have failed and the case 
company is considered to have been successful in establishing a pragmatic architecture. The 
thesis propose that not only can the understanding of these challenges benefit from the 
knowledge on modularity, rather, this setting also provides an opportunity to contribute to the 
knowledge on modularity in general and modularity of services in particular.  
The issues that arise thus carry traits which can also be found in the literature on modularity, 
such as the propagation of effects throughout the system based on unanticipated 
interdependencies and the subsequent deterioration of resilience of modular systems given 
imperfect interface specifications. This have effects on the need for testing which in a 
modular system can quickly become massive in the case that module level testing is 
insufficient to provide confidence on the system level.  
In order to ensure confidence and to protect the system from such interface compatibility 
effects a number of coordination mechanisms were built around the architecture. These 
include a project model specifying gates and gate criteria for all development projects and 
governance structure which include the specification of responsibilities across IT and 
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business units which are required to validate defined aspects of project deliveries at individual 
gates. Furthermore release cycles have been established, which place restrictions on the 
timing of changes to the system in order to ensure that changes can be sufficiently tested 
before released. The testing activities themselves follow specific requirements with 
responsibility assigned to test managers and detailed protocols specifying which test activities 
to perform. Especially regression testing require efforts and are needed when components 
have been used across several service lines with subsequent alterations made to the 
component. The information needed to perform these activities is modeled in various 
representations of the processes, information and systems. Building and maintaining these 
representations are further complicated by the co-presence of multiple methods to represent 
similar data partly due to the use of external vendors, each of which provide their own 
methods, and partly because the development of a unified method has itself turned out to be a 
process.  
As a consequence of these coordination efforts, mechanisms and representational entities the 
business platform which was intended to provide flexibility is in some respects considered 
inflexible. Even minor changes to existing service lines are thus basically considered to be 
major projects and are required to follow the project governance model and the bi annual 
release cycle with requirements for testing. 
The case thus offers a context to understand how various elements are constructed in relation 
to each other and how this construction process is a challenging undertaking. Studying these 
challenges has the potential to contribute to the literature on modularity, as it essentially is an 
investigation into what is otherwise considered an initial assumption. Rather than neglecting 
these challenges, by assuming that a set of a priori given design rules ensure decomposable 
interdependencies and standardized interfaces, we should turn our attention to the instances 
where this turns out to be insufficient. Doing so enables us to understand the limitations of 
foresight and the actions and coordination mechanisms that designers and managers employ 
as they reflexively engage in the construction activity. Furthermore attention to the actions 
taken to compensate for the unintended effects and how these affect performance outcomes 
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could provide a more dynamic understanding of the concept of modularity of service 
processes. 
1.5 Structure of the thesis 
The thesis is structured in three parts. In part I, chapter 1 provide an introduction to the thesis 
and outline the research objective and research question. Chapter 2 gives a more 
comprehensive introduction to the domain literature to which the thesis seek to contribute. 
This includes a detailed literature review on the topic of modularity as well as an outline of 
the challenges of managing service processes. The chapter concludes by specifically 
addressing modularity of services. Chapter 3 introduces organizational economic theories to 
discuss modularity as an economic phenomenon. Furthermore the chapter presents a practice 
lens to the study of modularity in order to capture emergent properties of modular design. 
Finally the chapter introduces a framework for management control which is relevant to the 
understanding of management responses to the risk of unintended consequences following 
from reuse of process components. Chapter 4 presents the research method of the thesis. 
Part II comprises three chapters of empirical analysis through which the thesis attempt to 
answer the research questions of the thesis. Chapter 5 provides an introduction to the case 
company and its process design practices. In order to conceptualize modularity of service 
processes the service modularity function is applied to the context of specific processes 
within the process architecture. Chapter 6 identifies a number of problems and dilemmas 
involved in the efforts to standardize and reuse components which have had an impact on the 
architecture. Chapter 7 address the managerial responses which have been put in place in 
order to control the unintended consequences identified in chapter 6. In order to do so, the 
framework on management control presented in chapter 3 is applied. 
Part III provides conclusions in chapter 8 and discussion in chapter 9. 
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Chapter 2 Domain literature 
This chapter introduces the domain literature to which the thesis attempt to contribute. The 
starting point is the literature which focuses on modularity as a managerial design concern. In 
section 2.1 a systematic review of the literature on modularity is conducted based on a 
literature search covering the period 1990 – 2010 revealing how this area has received 
growing attention during recent years. The attention within the literature has predominantly 
been on the design of physical products and manufacturing systems. However within recent 
years modularity of services and service processes are however becoming a major concern. A 
contributing factor is the development of ICT which increasingly enable the design of loosely 
coupled service systems. Section 2.2 introduces concerns for managing services based on the 
literature on service engineering and service operations management. On the basis of the 
introduction of these two domain literatures Section 2.3 draws a synthesis in order to locate 
the discussion of modularity in a service process context. Section 2.4 concludes the 
introduction to the domain literature.  
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2.1 Literature review on modularity 
The purpose of this section is to review the management literature on modularity in order to 
identify its central positions and intellectual structure. The review is based on a bibliographic 
search to identify relevant academic contributions on the topic of modularity as a managerial 
concern. On the basis of the identified contributions network analysis of their citation 
structure enabled identification of distinct areas of research on modularity as well as 
intellectual positions on which the literature is based. The section demonstrates how the 
literature on modularity has evolved and illustrates how it is based on distinct intellectual 
positions within the literature. Previous contributions have reviewed the literature on 
modularity within the field of management in general and operations management and 
engineering management in particular. These have contributed by identifying the various 
approaches and research contributions as well as highlighting areas for further investigation. 
Through the use of bibliographic information this section advances our understanding of the 
literature on modularity by applying network analysis to systematically identify the 
intellectual structures and development of the literature on modularity. While others have 
conducted bibliographic analysis within operations management (Pilkington & Fitzgerald, 
2006; Pilkington & Meredith, 2009) the analysis below is distinct as it explores the 
development of a specific topic within a research field rather than investigating the field 
itself.  
2.1.1 Introduction 
Modularity is a key aspect of the structure of systems in general and has thus been proposed 
to be an area which is of particular relevance for designers and managers of business 
organizations. This section surveys the extant literature on modularity from a managerial 
perspective in order to identify its intellectual structure and the developments of this 
literature. Several researchers have already contributed to the field by reviewing different 
aspects of the literature on modularity. Fixson (2007) provides an extensive review of the 
literature on modularity and commonality from a concurrent engineering perspective and 
Salvador (2007) reviews and re-conceptualizes product modularity in order to arrive at a clear 
definition (Salvador, 2007). Other reviews have focused on particular aspects of modularity 
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such as manufacturing operations (Doran & Hill, 2009) and supply chain management 
(Gunasekaran & Ngai, 2005) as well as related topics such as platform strategies (Chen & 
Liu, 2005) and product architecture (Yassine & Wissmann, 2007). Within information 
systems research Ali et al. review the related area of aspect oriented programming within 
information systems research (Ali et al., 2010). Finally in a broader review Campagnolo & 
Camuffo (2010) describes the overall trends within the literature on the managerial aspects of 
modularity.   
Although the topic of modularity has recently gained substantial attention, it has been 
discussed in the literature for many years and modular principles have been applied since the 
building of the pyramids (Starr, 2010). Adam Smith’s classical work on the division of labor 
(Smith, 1776/1991) provides an early contribution on the role of the structure of production 
(Langlois, 2002, 2006). However since the middle of the 20th century a number of seminal 
contributions have discussed different aspects of modularity in various contexts. Within 
operations management an early contribution is made by Starr (1965) who proposed modular 
production as a way to increase the variety of product offerings to meet market requirements 
without sacrificing efficiency in production. Starr points out that the design of the individual 
parts is essential to modular production as “It is the essence of the modular concept to design, 
develop, and produce those parts which can be combined in the maximum number of ways” 
(Starr, 1965, p. 138). The solution thus included adding different assembly configurations to 
the production process, through which parts can be brought together to achieve combinatorial 
output.  
Whereas Starr specifically addresses manufacturing operations, Simon (1962) turns to 
complex systems in general. He conceptualizes architectures as hierarchical systems and 
argues that the ability to decompose systems hierarchically is the primary means of managing 
complexity. He thus argues that hierarchy “is one of the central structural schemes that the 
architect of complexity uses… In hierarchic systems, we can distinguish between the 
interactions among subsystems, on the one hand, and the interactions within subsystems - i.e., 
among the parts of those subsystems - on the other” (Simon, 1962, p. 468 and 473). 
Architecture in the sense of this thesis consists of a complex set of related systems which are 
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organized with the intent to achieve a certain outcome. The architecture is assumed to some 
extent to be layered in order to reduce complexity or in the language of Simon, the 
architecture is assumed to potentially be considered a nearly decomposable system “As a 
second approximation, we may move to a theory of nearly decomposable systems, in which 
the interactions among the subsystems are weak, but not negligible” (Simon, 1962 p. 474). 
Decomposition is essentially a way to manage complexity and is tightly related to the notion 
of modularity as discussed below. However the notion of near decomposability is important 
as it maintain that there are usually interdependencies between subsystems and that these are 
essential in understanding the managerial challenges of modularity. 
Within the area of design Alexander in his “notes on the synthesis of form” explains how the 
challenge of design is not usually one of optimizing a set of individual requirements but 
rather the more complex task of designing interdependent subsystems which simultaneously 
meet their requirements and create a functioning whole – the synthesis of form. “A design 
problem is not an optimization problem. In other words, it is not a problem of meeting any 
one requirement or any function of a number of requirements in the best possible way (though 
we may sometimes speak loosely as though it were, and may actually try to optimize one or 
two things like cost or construction time). For most requirements it is important only to 
satisfy them at a level which suffices to prevent misfit between the form and the context, and 
to do this in the least arbitrary manner possible” (Alexander 1964, p. 99, emphasis in 
original). To Alexander synthesis is thus preceded by analysis in the form of identifying 
which variables have interdependencies with other variables, and how the problem can be 
represented in such a way that it allows for the experimentation on subsystems which are 
relatively independent of other subsystems. Through his emphasis on the importance of 
problem representation he is thus suggesting a program of functional decomposition as an 
important aspect of design. He is however very much aware that the essence of a design 
problems is exactly that no mechanical method preexist which would allow the identification 
of the perfect solution. “A moment’s thought will convince us that we are never capable of 
stating a design problem except in terms of the errors we have observed in past solutions to 
past problems.  Even if we try to design something for an entirely new purpose that has never 
been conceived before, the best we can do in stating the problem is to anticipate how it might 
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possibly go wrong by scanning mentally all the ways in which other things have gone wrong 
in the past” (Alexander 1964, p. 102). Alexander thus provides a crucial early contribution to 
later research on modularity by suggesting the importance of decomposition within the area 
of design. Furthermore Alexander explicitly point to the importance of this notion for the 
adaptability of systems in general: “No complex adaptive system will succeed in adapting in a 
reasonable amount of time unless the adaptation can proceed subsystem by subsystem, each 
subsystem relatively independent of the others” (Alexander 1964, p. 41). Both the notion of 
decomposition into subsystems and the benefit of adaptation are key aspects in the literature 
on modularity. 
An early theorist on organizations to realize the importance of uncertainty and the need for 
adaptability in organizational systems was Thompson who pointed to the nature of 
interdependencies and how these differ within and across organizations. While Thompson 
does not explicitly discuss modularity he proposes that organizational design is crucially 
related to the grouping of components based on the nature of their interdependencies with 
other components within the organization. He distinguishes between pooled, sequential and 
reciprocal interdependence and argues that there are different ways of achieving coordination 
their appropriateness depending on the nature of interdependencies: “We can make two 
observations about interdependence and coordination which are crucial to our examination 
of structure: First, there are distinct parallels between the three types of interdependence and 
the three types of coordination. With pooled interdependence, coordination by 
standardization is appropriate; with sequential interdependence, coordination by plan is 
appropriate; and with reciprocal interdependence, coordination by mutual adjustment is 
called for. Second, the three types of coordination, in the order introduced above, place 
increasingly heavy burdens on communication and decisions” (Thompson, 1967, p. 56). 
Grouping together components of the organization based on the nature of their 
interdependencies is thus a way to reducing uncertainty but this homogenizing runs into the 
problem that organizations are not one-dimensional and that it is therefore not obvious which 
dimension to group them. Rather than a matter of selecting which criteria should be used 
Thompson suggest that they should rather be prioritized based on the “nature and location of 
interdependency, which is a function of both technology and task environment” (Thompson, 
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1967, p. 57). Thompson treats complex organizations as natural systems which are subject to 
rationality norms with the implication that they are seeking to reduce uncertainty while at the 
same time attempting to adapt to changing environmental factors. It is thus important to 
distinguishing between different parts of organizations as the technical core will 
predominantly be seeking to reduce uncertainty while boundary spanning units face the 
challenge of negotiating changes from the organizations external environment. The 
administrative process, which function to achieve this constant co-alignment of 
institutionalized action, must therefore paradoxically “reduce uncertainty but at the same 
time search for flexibility” (Thompson, 1967, p. 158).  
Building on the insight of Thompson that organizations simultaneously attempt to operate as 
closed systems in some regards and open systems in other Weick proposed the notion of loose 
coupling as a way to capture nuances of organizations which is not captured by “words like 
connection, link, or interdependence” (Weick, 1976, p. 3). He argues that these words miss a 
nuance of organizations as “coupled events are responsive, but that each event also preserves 
its own identity and some evidence of its physical or logical separateness... Loose coupling 
also carries connotations of impermanence, dissolvability, and tacitness all of which are 
potentially crucial properties of the "glue" that holds organizations together.” (Ibid, 
emphasis in original). Like Simons notion of nearly decomposable systems, the concept of 
loose coupling thus embrace the idea that most systems are neither entirely decoupled nor 
fully coupled but rather nearly decomposable or hierarchical. This directs attention to the 
tension that should be part of understanding organizations in the sense that “the concept of 
loose coupling allows theorists to posit that any system, in any organizational location, can 
act on both a technical level, which is closed to outside forces (coupling produces stability), 
and an institutional level, which is open to outside forces (looseness produces flexibility)” 
(Orton & Weick 1990, p. 205). Loose coupling thus allows the comprehension of 
organizations as systems which are open and closed at the same time. In their review of the 
literature on loose coupling Orton and Weick identify five streams of research which have 
focused on different aspects of loose coupling. By bringing these streams together they 
suggest a theoretical framework to explain the organizational outcomes of loose coupling 
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which including not only causes, typologies and direct effects but also the managerial actions 
undertaken to compensate for loose coupling.  
Within the software engineering literature Parnas (1972) offered early insights on the value of 
information hiding by suggesting that modules should be “characterized by its information of 
a design decision which it hides from all others. Its interface or definition was chosen to 
reveal as little as possible about its inner workings” (Parnas 1972, p. 1056). Furthermore in 
relation to processes he suggested that when designing software systems the basis for 
decomposition into modules should be based on design decisions as opposed to steps in the 
process. Difficult design decisions and decisions which are likely to change should thus be 
hidden from others by decomposing them into separate modules. These modules would then 
allow for the assembling of subroutines and programs in which modules can be changed 
independently without impacting other modules. The principle of information hiding has 
since been of major importance in object oriented programming and service oriented 
architecture.  
Based on the notion of task problem-solving interdependencies von Hippel propose that they 
can be managed in two ways, either partitioning the tasks so as to reduce interdependencies 
between tasks or to reduce the cost of problem-solving across task boundaries. Partitioning 
tasks has three requirements. Firstly the anticipating of tasks most likely to be sources of new 
information, secondly predicting which other tasks will be affected by such information and 
finally the incorporation of these insights in the specification of tasks (von Hippel, 1990). 
Although it can be expected that in routine innovation projects the participants can make such 
expectations von Hippel points to the difficulty of making the same predictions when the 
project undertaken is novel at least initially. Instead he suggests that in such projects task 
partitioning should take place while the project is unfolding. In conclusion he argues that how 
to partition tasks in innovation projects have important impacts on the efficiency of 
innovation processes as well as the solution developed in the end (von Hippel, 1990) 
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Table 1 Key principles on which the literature on modularity draw 
Author Area of research Key principle Implication 
Simon (1962) General systems 
theory 
Nearly 
decomposable 
systems 
Decomposing systems hierarchically is the primary way 
in which designers can reduce complexity 
Alexander 
(1964) 
Design Decomposition of 
systems into 
subsystems 
Suggest a program of functional decomposition based on 
the identification of requirement variables and their 
interdependencies as a key to solve problems of design. 
Starr (1965) Operations 
Management 
Modular 
production 
Propose modular production as a method to increase 
flexibility in manufacturing systems 
Thompson 
(1967) 
Organizational 
studies 
Interdependencies 
of components 
Complex organizations are natural systems subject to 
rationality norms, which at the same time attempt to 
adapt to environment change and reduce uncertainty. 
Suitable organizational design and coordination depend 
on the nature of interdependencies 
Parnas (1972) Information 
systems 
Information hiding Modules should be characterized by the knowledge of 
key design decisions and this should be hidden from 
other modules through interfaces which reveal as little as 
possible about its inner workings 
Weick (1976), 
Orton & Weick 
(1990) 
Organizational 
studies 
Loose Coupling Suggest a dialectic interpretation of loose coupling as 
systems in which responsiveness and distinctiveness are 
simultaneously present. That is “coupled events are 
responsive, but that each event also preserves its own 
identity and some evidence of its physical or logical 
separateness” (Weick 1976) 
Von Hippel 
(1990) 
Innovation 
process research 
Task partitioning Suggest that the way tasks are partitioned in innovation 
projects has important effects on innovation efficiency 
and effectiveness. Tasks should be partitioned so as to 
group together tasks with expected interdependencies. 
Source: Based on literature search on modularity 
While the growing academic interest in the topic of modularity is becoming increasingly fine 
grained with respect to empirical objects of modularity and theoretical understanding of 
causal mechanisms several seminal contributions are typically drawn upon for key principles 
which underpin discussions of modularity. As the discussion above reveal these principles are 
related to different areas of research and bring the principle of modularity into different 
domains of relevance to management. From being primarily related to physical systems such 
as products modularity is thus increasingly being discussed in relation to organizations, 
information systems and innovation. Section 2.1.9 will elaborate on this development and 
how different intellectual structures are being mobilized by the literature on modularity. 
2.1.1.1 Defining modularity 
Modularity is a way to design a structure with the intention of reducing its complexity. While 
complexity is clearly related to the number of different elements of a structure, the nature of 
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the interdependencies between these and the way they interface has profound implications on 
structural complexity. Handling this complexity can be done through reducing the number of 
units and by grouping these units in subsystems. The primary driver in the reduction of 
complexity is consequently to reduce the interdependencies between elements across 
subsystems (Langlois, 2002). Modularity can hence be defined based on the relations between 
the elements of the module and the relations to the elements of other modules. Originating in 
the Latin word modulus for ‘a small measure’ (Webster’s Revised Unabridged Dictionary, 
1913) a module has been used to designate various meanings1. A contemporary meaning of 
the word module consonant with the above characterization can be found in The Wiktionary 
defining a module as ‘A self-contained component of a system, often interchangeable, which 
has a well-defined interface to the other components’. A module is characterized by a high 
degree of interdependence between the elements of the modules and a high degree of 
independence across modules (Baldwin & Clark, 2000). The loose coupling of components is 
enabled through defining an architecture which specifies the interfaces between the 
components of the architecture (Sanchez & Mahoney, 1996). The degree of modularity thus 
depends on the components used, their interfaces, the character of the coupling and the 
opportunity for replacement (Mikkola, 2006).  
Through modularity it can be possible to achieve a number of design advantages (Ethiraj & 
Levinthal, 2004; Sanchez & Mahoney, 1996; Baldwin & Clark, 2000). The modular 
construction improves opportunities for rapid changes through the splitting and substitution of 
modules (Baldwin & Clark, 2000). Through the modular product architectures opportunity for 
‘mixing and matching’ of modules it is thus argued to be possible to achieve strategic 
flexibility with the opportunity of greater product variation as well as a higher and more 
frequent number of product introductions (Sanchez & Mahoney, 1996; Worren et al., 2002). 
Moreover reusing the same module in several structures enable scale benefits (Baldwin & 
Clark, 2000) and economies of substitution (Garud & Kumaraswamy, 1995). Product 
modularity is thus closely related to product configuration strategies such as mass 
customization and postponement strategies (Mikkola & Skjøtt-Larsen, 2004). Reducing the 
                                              
1 Within mathematics modulus is thus the absolute value of a complex number (Sydsaeter & Hammond, 1995, p. 882). 
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interdependence between modules can reduce asset specificity (Baldwin, 2008), increase the 
opportunity for outsourcing (Schilling & Steensma, 2001) and in general reduce the cost of 
coordination between components (Langlois, 2002). In addition modular constructions are 
more robust to changes in the environment (Pil & Cohen, 2006).  
Modularity is not only relevant in relation to product design but can be applied with regard to 
processes and organizations (Sanchez & Mahoney, 1996; Baldwin & Clark, 2000) although 
the suggestion that modular product architecture necessarily leads to modular organizations 
has been questioned (Hoetker, 2006). MacCormack et al. argue that in turbulent environments 
the flexibility of the development process is essential in order to respond to “new or changing 
information during a development project” (MacCormack et al., 2001, p. 134). In achieving 
such a flexible development process they point to investments in architectural design, early 
feedback of system level performance and development teams with generational experience 
as central elements (MacCormack et al., 2001). The turbulence involves requirements not 
only for a modular design that can be adapted after its development, but increasingly for a 
design that can be adapted during its design (Buganza & Verganti, 2006). With regard service 
design Verganti and Buganza point to a modular technological architecture as being one 
factor by which life-cycle flexibility of services can be increased (Verganti & Buganza, 
2005). 
However modularity is not a choice between either – or, but should be made as a tradeoff 
between the benefits and disadvantages in the specific context (Ethiraj & Levinthal, 2004) in 
which it is associated with a cost to achieve a modular design over an integrated design 
(Langlois, 2002). However identifying the optimal level of modularity is not a trivial task, 
and modularity should not be considered a panacea, rather “Designers engage in acts of 
creation, but unlike a divine creator, they lack omniscience. Choices of modules are guesses 
about appropriate decompositions – decompositions that even in reality are only partial (i.e. 
nearly decomposable). In making these guesses, our analysis suggests that there should be no 
presumption of a ‘promodularity’ bias” (Ethiraj & Levinthal, 2004, p. 172). Indeed there may 
be a punishment associated with pursuing modularity too far (Ethiraj & Levinthal, 2004). 
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2.1.2 Methodology and data for the literature review 
This section investigates the extant literature on modularity through a review of the literature 
on modularity. In order to perform such investigation an extensive literature search was 
performed with a subsequent detailed survey of the resulting literature. This section describes 
the selection criteria used to identify articles on modularity as well as the criteria by which 
these were evaluated. Furthermore the methodology for analyzing the literature using 
bibliographic data is presented. 
2.1.2.1 Inclusion and exclusion criteria for literature search 
In order to establish a base population of items within the topic of modularity a search was 
performed on the ISI Web of Science using the Science Citation Index and Social Science 
Citation Index. The period covering the years 1990 through to 2010 was chosen with the 
intent to identify the most current state of the research on modularity as well as to uncover 
developments in the literature. The Web of Science field ‘topic’ was chosen as inclusion 
criteria, as it evaluates not only the title or author supplied keywords of an article but also 
abstracts and keyword plus2. The search was performed using the Boolean search terms 
“modularity”, “modular AND design” and “modular AND architecture” and resulted in a total 
number of 12.100 items. 
In order to narrow the search to items focusing on modularity in relation to management, the 
Web of Science field ‘subject area’ was used as exclusion criteria by omitting items not 
classified within one or more of the subject areas of ‘Management’, ‘Operations Research and 
Management Science’, ‘Economics’ and ‘Business’. Furthermore the search was narrowed by 
the field ‘type’ including only ‘Articles’. The omitted items resulting from this were 
evaluated in order to ensure that relevant items of other types were not omitted. This 
evaluation led to the inclusion of the types ‘Proceedings papers’ and ‘Reviews’, as each 
                                              
2 KeyWords Plus® are index terms created by Thomson Reuters from significant, frequently occurring words in the titles 
of an article's cited references 
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contained several relevant items3 while the residual item types4 remained omitted from the 
search. Finally articles published prior to the search period of 1990-2010 were excluded 
resulting in an identification of a total number of 524 articles. Based on reading of the 
abstracts, titles and keywords of these articles a screening was performed, in order to exclude 
those articles which were not relevant, as well as those articles to which modularity was only 
treated peripherally. Articles were mainly excluded due to modularity being mentioned as a 
characteristic of a developed model, or as it related to mathematical algorithms. The 
screening of abstracts resulted in a list of 342 articles which were either relevant (225) or 
potentially relevant (117) to the review on modularity as a managerial issue. Figure 1 
provides a schematic representation of the search strategy and the items resulting from the 
search. 
                                              
3 TS=Modularity OR TS=(Modular AND Design) OR TS=(Modular AND Architecture) Refined by: Subject Areas=( 
ECONOMICS OR BUSINESS OR OPERATIONS RESEARCH & MANAGEMENT SCIENCE OR MANAGEMENT ) 
AND Document Type=( ARTICLE OR PROCEEDINGS PAPER OR REVIEW ) Databases=SCI-EXPANDED, SSCI 
Timespan=All Years 
4 Excluded types include: Book reviews (3), Editorial material (3), Note (2), Correction (1), Letter (1), news item (1) 
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Figure 1 Search strategy 
Source: Based on literature search on modularity through ISI Web of Science5 
2.1.2.2 Limitations of search criteria 
The identification of the group of articles which best reflects the topic under investigation is 
of critical importance to any literature review and different strategies can be chosen. However 
any search whether subjective or mechanical run the risk of excluding articles which should 
have been included and conversely include articles which are not relevant to the review. The 
search strategy and screening process described above thus have limitations and can be 
                                              
5 The literature search was conducted on March 28, 2011 
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problematized on a number of accounts. Firstly Web of Science only contains selected 
journals implying that the inclusion criteria may omit relevant items from journals not 
included in the citation index. Consequently this can result in the omission of journals which 
may hold articles relevant to understanding the research area of modularity. Furthermore the 
ISI web of science citation index does not hold full account of all journals included6. In 
example the journal ‘Industrial & Corporate Change’ is only includes issues from 2002 while 
the journal has been published since 2000. The search thus excludes Brusoni & Prencipe 
(2001) which is clearly relevant to the topic investigated. Secondly the choice of terms for 
performing the search has consequences for the articles resulting from the search. Performing 
the search only on the term ‘modularity’, and not including ‘modular’, ‘modul*’, 
‘decomposable’, ‘platform’ etc.  necessarily result in a narrow set of items, and could fail to 
capture important articles on the topic which is not using the exact word of ‘modularity’. 
Using more and broader search terms was thus considered but very broad terms as ‘modul*’ 
resulted in a very large fraction of irrelevant items. The narrower set of ‘modul AND design’ 
and ‘modul AND architecture’ widened the search without the raising the number of 
irrelevant items considerably. 
A number of choices were made in order to mitigate the shortcomings of the mechanical 
nature of the search. Firstly using ‘topic’ as main search criteria allows the search to be 
performed not only in the titles of the items but in addition the search also identifies the 
criteria within the ‘abstract’, ‘author supplied keywords’ as well as in the ‘keyword plus’. In 
particular ‘keyword plus’ enables the identification of articles which touch upon the area of 
modularity without specifying so in either title, abstract or keyword. Keyword plus are 
indexed based on the titles of the articles cited references. This resulted in inclusion of clearly 
relevant articles like Garud et al. (2008) although the search terms are not featured in the title, 
abstract or author keywords of that article. The search terms are only captured as the article 
reference three articles with modularity in their titles (Baldwin & Clark, 2000; Ethiraj & 
Levinthal, 2004; Langlois, 2002). Articles which are relevant to the search but not using 
                                              
6 A list of journals from which articles were identified can be found in appendix 1. The period covered by Web of Science 
at the time when the literature search was conducted appear in this list. 
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either of the words used in the search will therefore still have a high chance of being included, 
provided that their references include articles with the search terms in their titles.  
2.1.2.3 Improvements to data quality 
Based on the above literature search a dataset consisting of the 342 relevant or potentially 
relevant articles along with their 16625 individual references (links between article and cited 
reference) was constructed. Each individual reference was treated as an edge between two 
vertices (the citing and cited article respectively). In order to identify the individual vertices 
in the dataset unique reference identification was created.7 The data quality of ISI Web of 
Science is generally high, in particularly for items added to the index within recent years. 
However several inconsistencies were identified. These were caused in particular by errors in 
abbreviation of author names, page numbers as well as in the abbreviation of journal names. 
Such inconsistencies imply that the same contribution is not identified as such but is 
represented as two vertices in the dataset. To eliminate inconsistencies, as well as to handle 
the occurrences of multiple editions, corrections were made by identifying similar but not 
identical items and evaluating whether similarity was caused by error in the dataset.8 A total 
of 1342 corrections were made to the data set which largely eliminated redundant occurrences 
among the most frequently cited references resulting in the dataset being suitable for 
bibliographic and network analysis. 
2.1.2.4 Citation analysis 
In order to identify seminal contributions to the literature on modularity citations were 
analyzed with respect to two groups of articles. Firstly the articles identified in the literature 
search which were most frequently cited by other articles in the group give an indication of 
seminal contributions to the literature on modularity. Table 2 shows the 20 articles on 
modularity which are most frequently cited by other articles on modularity. Articles 
                                              
7 The identification was created by concatenating first author, year, abbreviated publication name (journal or book title), 
volume and first page. 
8 An algorithm was constructed in which the concatenated identification was used to compare the number of times it was 
found in the data set with the number of times its twenty left and right characters was found. Differences between these 
figures were investigated and changes were made accordingly. For those cases in which an error could not be determined 
immediately the item was retrieved from journals and library catalogues to enter correct information. 
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frequently cited by articles identified in the search but which were not themselves returned in 
the search give an indication of the major pieces of knowledge on which the literature on 
modularity rest. Section 2.1.9 will briefly discuss this intellectual foundation. 
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Table 2 shows the twenty articles on modularity which are most frequently cited by other 
articles on modularity and as such gives an indication of the  articles which among peers in 
the field of modularity are considered to be seminal within the recent literature. A number of 
early articles are conceptual in nature and contribute by bringing together a stream of 
literature to propose theoretical frameworks on modularity from both the perspective of 
general systems (Schilling, 2000), strategic management (Garud & Kumaraswamy, 1995; 
Sanchez, 1995; Sanchez & Mahoney, 1996; Baldwin & Clark, 1997), organizational 
economics (Langlois, 2002) and organizational studies (Ethiraj & Levinthal, 2004, Pil & 
Cohen, 2006). Recently several articles have offered empirical insights on modularity through 
the use of case research (Duray et al., 2000; Salvador et al., 2002; Mikkola, 2003; Mikkola & 
Gassman, 2003; Sosa et al., 2004), empirical testing using panel data (Schilling & Steensma, 
2001; Fleming & Sorensen, 2001a; Hoetker, 2006) and surveys (Worren et al., 2002 and Tu et 
al., 2004).  
2.1.2.5 Bibliographic coupling 
Based on the dataset of citations an asymmetric adjacency matrix of references was 
constructed. As articles that have similar referencing patterns are likely to be related to each 
other this matrix was used to identify structure in the group of articles resulting from the 
literature search on modularity. It is possible to calculate metrics for bibliographic coupling as 
either the number of identical references (Newman, 2010) or Pearson correlation coefficients 
of the citing references (Pilkington & Meredith, 2009). A high number of identical references 
or a high correlation coefficient indicate a proximity of two articles whereas low or no shared 
references or negative correlation coefficients indicate distance in the content of the articles. 
Based on the data a correlation coefficients matrix was calculated including the 167 articles 
with 20 or more co citations. To avoid negative values the correlation coefficients were 
normalized to values between 0 and 1. Based on the correlation coefficients a network graph 
can be drawn which is shown in figure 4.  
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Figure 2 Analytical approach to identifying structure within the literature on modularity 
 
Source: Bibliographic data from literature search on modularity 
Figure 2 illustrates how the citation patterns of the identified contributions on modularity 
enable the identification of two types of structure within the literature. The bibliographic 
coupling measure enables the identification of groupings of articles with similar citation 
patterns, which is used to indicate proximity between the content of the citing articles. In 
example Gavetti et al. (2005) and Ethiraj & Levinthal (2004) display tight bibliographically 
coupling, as both have a number of references to the literature on complex adaptive systems. 
Likewise Salvador et al. (2002) and Jacobs et al (2011) display tight coupling due to a 
number of common references to literature on production systems and mass customization. 
On the other hand a high number of co-occurrences among cited references indicate 
proximity in the ideas of the cited articles. The same dataset thus indicate that Kauffman 
(1993) and Levinthal (1997) are related as an element in the intellectual structure 
underpinning the literature on modularity. Studying the content of these two contributions 
reveal that they indeed both are concerned with organizational search and adaptation in 
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complex systems. The two measures thus provide indications of proximity which can be used 
to identify structure within the literature. A directed network graph based on a subset of the 
established dataset on the literature on modularity can illustrate the causes of these proximity 
measures.
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The directed network graph in figure 3 show the referencing relationships between eight 
articles found through the literature search on modularity and commonly referenced sources. 
As the figure illustrate the eight articles has a number of references in common, notably 
Simon (1962), Baldwin & Clark (2000), Sanchez & Mahoney (1996) and Ulrich & Eppinger 
(1995). However the figure also illustrate that the articles fall in two groups each of which use 
a distinct set of common references. Although the edges of the graph only contain 
information on the direction of the reference, these common references indicate that the 
articles within the two groups have conceptual proximity. Bibliographic coupling is used to 
estimate this proximity. Similar citation patterns of two articles thus result in a higher 
measure of bibliographic coupling. On the basis of this measure a network graph in figure 4 is 
constructed and illustrates the relationships between the articles identified in the literature 
search on modularity. Linkages in this graph indicate bibliographic coupling between two 
articles with denser links indicating higher bibliographic coupling. On the basis of the 
bibliographic coupling measure factor analysis was used to identify groups of articles which 
are tightly coupled with other articles within the group and less so with articles outside the 
group. Figure 4 show such a network visualization of the literature on modularity with 
indication of the identified groupings within the literature. 
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Figure 4 is created using the software NodeXL based on bibliographic coupling citation data 
from the literature search on modularity as described above.  The network reveals that the 
literature on modularity has distinct groupings of research with similar referencing patterns. 
The figure also shows that several of these groupings are related and in some cases 
overlapping which indicate that although distinct they do share commonalities. These 
groupings and their individual contributions are discussed in the sections below. 
On the basis of the network graph it is possible to identify groupings of articles with higher 
correlations. In order to analyze these groupings a factor analysis was conducted using the 
statistical software SPSS (PASW 18). The factor analysis was performed using Varimax 
rotation with the number of components determined on the basis of a scree plot of their 
eigenvalues (see appendix 3). The rotated component matrix was inspected to identify the 
characteristics of each component on the basis of the individual article in the component. In 
order to interpret these groupings the content of the articles in each group was investigated to 
identify commonalities among the articles. In addition the individual references of each group 
were used to identify what caused the articles to have high bibliographical coupling. As will 
also be discussed in relation to the co-citation analysis different groupings of articles typically 
draw on different strands of research and modularity as a topic tend to be defined and 
discussed in relation to different seminal articles on modularity. I.e. the group ‘organizational 
search and adaption’ tend to define modularity with reference to Simon (1962) on near 
decomposability and Baldwin and Clark (2000) whereas the group ‘product architecture and 
technological innovation’ tend to define modularity with reference to Henderson & Clark 
(1990) and Ulrich (1995). 
Based on the groupings identified through the bibliographic analysis of the content within 
each of these groupings the next section will explore the field of modularity and its 
development. The analysis revealed three overall strands of the literature on modularity. One 
strand of literature has focused on the strategic impact of product modularity with an 
emphasis on the relation between product architecture and strategic flexibility and 
technological innovation. Another strand, primarily based on engineering and operations 
management, has on the one hand sought to conceptualize and measure modularity within 
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product architectures and on the other hand related product architecture to production 
strategies of mass customization and platforms. Finally the relevance of the concept of 
modularity to the study of organizations has sparked a number of research interests into 
organization studies and modularity. The subsequent three sections will investigate each of 
these by taking a closer look at the groups within each of the three strands of literature on 
modularity. 
2.1.5 Product modularity with strategic impact 
As discussed above much of the focus in the literature on modularity has traditionally been on 
product architecture and how modular design is related to strategic outcomes. A key interest 
has been how modularity enables the organization to achieve strategic flexibility and 
economies of substitution. While the focus of one part of this literature has primarily been on 
strategic advantages of the organization, another has been interested in how modular product 
architecture has strategic implications on industry level by impacting technological 
innovation. 
2.1.5.1 Product architecture for strategic flexibility and the economics of 
substitution 
One group of papers including the seminal paper by Sanchez and Mahoney (1996) address the 
strategic benefits of achieving flexibility through the design of product architectures for 
substitution. Modularity is defined with primary reference to the work of Langlois & 
Robertson (1992), Simon (1962), Garud & Kumaraswamy (1993) and Sanchez & Mahoney 
(1996). In a conceptual paper Sanchez and Mahoney argue that standardized interfaces in 
modular product architectures enable embedded coordination and thus create loosely coupled 
organizational forms. They thus suggest that modular product architectures lead to modular 
organizations. This in turn has the consequence that product development can be carried out 
more effectively due to the flexibility of modular organizational structures (Sanchez & 
Mahoney, 1996). Sanchez argue that strategic flexibility of modular product architectures is 
of primary importance, and that it is a strategic benefit of modularity, as it enables the 
configuration of products to increase variety and the ability to update products (Sanchez 
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1995, Sanchez 2008). The economics of this ability is what Garud and Kumaraswamy denote 
economies of substitution which “exist when the cost of designing a higher-performance 
system through the partial retention of existing components is lower than the cost of 
designing the system afresh” (Garud & Kumaraswamy, 1995, p. 96).  
O’Grady and Liang (1998) likewise take the benefits of strategic flexibility as point of 
departure, and develop a formal evaluative framework of design with modules. Using an 
object oriented approach their framework attempts to capture the benefits and costs of 
different combinations of modules, in evaluating different design with modules and illustrate 
using the example of PC configuration (O’Grady & Liang, 1998). By analyzing components, 
interfaces, degree of coupling and interfaces Mikkola and Gassmann (2003) evaluate the 
product architecture of two elevator systems and compare their respective degrees of 
modularity. However the application of the function also highlights some of the architectural 
tradeoffs facing designers as they have to decide on using novel or standardized components, 
their reuse across product families and the specification of interfaces. Mikkola and Gassmann 
further point out, that these decisions are linked to the manufacturing strategy and 
organizational design, as well as to the sourcing strategies of the company (Mikkola & 
Gassmann, 2003). 
Whereas Sanchez & Mahoney is predominantly concerned with the benefits of modularity, 
Garud & Kumaraswamy explicitly include both the cost and benefits of modularity and note 
that “the benefits of upgradability and associated retention of components must be weighed 
against the costs of component reuse” which are related to the performance slippage, 
incorporation costs, testing costs and search costs (Garud & Kumaraswamy, 1995, p. 96). 
Importantly Garud & Kumaraswamy point to system integrity as a crucial aspect of design, 
which is impacted by incompatibility of system components. System integrity can be 
achieved by manufacturing compatible components, either by crafting them individually and 
making them fit together through trials and rework, or by standardizing component 
specifications. This standardization “involves codification pertaining to the form and function 
of components and the interfaces among components” (Garud & Kumaraswamy, 1996, p. 
885) and allow for learning to take place at different levels. The use of standards is a crucial 
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feature of modularity and is what protect system integrity from eroding. However modularity 
is not without its own dangers, as Garud and Kumaraswamy point out “Excessive modularity, 
however, can compromise system integrity. For instance, with each new effort to modularize 
the system, the number of interfaces increases. As the number of interfaces increases, the 
possibility of performance losses at the interfaces also increases. Furthermore, excessive 
modularization increases the complexity of the design.”  (Garud & Kumaraswamy, 1996, p. 
885). In addition to achieving products with both system integrity and modularity they 
emphasize upgradability as the key to realizing economic benefits. Upgradability requires 
sufficient technological degrees of freedom to allow designers to increase performance by 
updating lower level components.  
Using object oriented programming as an illustrative example, Garud and Kumaraswamy 
(1996) argue for the importance of upgradability of technologic systems but at the same time 
note that there are organizational impediments to achieving such design: “Retention and 
reuse can be accomplished by designing modularly upgradable technological systems. 
However, such a design focus raises several organizational issues. For instance, the 
organizational structure needs to be modified considerably to promote learning and 
knowledge sharing. Additionally, the control and incentive system need to be changed so that 
designing for reuse and actual reuse are monitored closely and rewarded” (Garud & 
Kumaraswamy, 1996, p. 889). Therefore “a key challenge in realizing economies of 
substitution is the design of organizational systems that enhance component retention or 
reuse while reducing associated costs” (Garud & Kumaraswamy, 1995, p. 98).  Specifically 
“within the firm, for instance, competition for a limited pool of resources between individuals 
creates incentives for increasing current performance even at the expense of future 
performance” (Garud & Kumaraswamy, 1995, p. 104). They thus point to a fundamental 
discrepancy between those aiming at a design for reuse and the efficiency in designing and 
producing an individual component. Reuse requires abstraction and consideration for 
incorporating into the design openness for possible future usage whereas efficiency in 
developing a component favors specificity to the current use situation.  
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2.1.5.2 Product architecture and technological innovation 
The modularization of technical systems has important implications for the understanding of 
technological innovation, product life cycles and dominant design. Defining modularity 
primarily with reference to Henderson & Clark (1990), Sanchez & Mahoney (1996), Ulrich 
(1995) and Baldwin & Clark (1997) these articles combine modularity and the literature on 
technology management (Tushman & Anderson, 1986; Clark, 1985; Christensen & 
Rosenbloom, 1995). Gatignon et al. (2002) point out that much of the previous literature on 
innovation does not take modularity into account. They propose a structural approach to 
innovation which takes into account not only the type of innovation (generational and 
architectural) and innovation characteristics (incremental/radical, competence-enhancing, and 
competence-destroying) but also the innovations place in the product hierarchy 
(core/peripheral). Based on a survey of 141 R&D managers they find that “innovation type, 
characteristics, and locus in a product's hierarchy have contrasting effects on innovation 
outcomes. Innovations in core subsystems seem to be treated as strategic and are executed 
rapidly. Where architectural innovation seems to challenge organizational capabilities, 
organizations seem to quickly execute both competence-enhancing and new competence 
acquisition innovation in core subsystems” (Gatignon et al., 2002, p. 1121). Based on a 
review of the literature on dominant design Murmann and Frenken (2006) synthesize ideas 
from prior research and based on complexity theory they propose a model of dominant 
designs in which modularity of product architectures is incorporated. They claim that “As a 
result, our complex system model of dominant designs can explain both why artifacts evolve 
as a nested hierarchy of technology cycles… and why multiple mechanisms can contribute 
towards the emergence of a dominant design” (Murmann & Frenken, 2006, p. 931).  In a 
conceptual paper Ceborn et al. (2008) suggest that modularization alters the traditional life 
cycle model by undermining the drivers that would otherwise lead to lock-in to dominant 
designs. Modular product architecture thus acts as a destabilizing force for the industry by 
increasing innovation on several levels. A consequence of modularization according to 
Ceborn et al. is thus that “Innovation processes no longer stabilize the industry, but rather 
destabilize it. This destabilizing force limits the specific synergies that might be obtained from 
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current design and product systems within an industry, thereby weakening the incentives that 
lead to lock-in.” Ceborn et al. (2008, p. 376).  
In the context of services Verganti and Buganza focus on the managerial need for flexibility 
in the entire life-cycle and not only in the product architecture or the development process. 
They suggest that modularity can be one way to increase the flexibility over the life-cycle 
(Verganti & Buganza, 2005) and explore this in the context of the on-line broker industry 
(Buganza & Verganti, 2006). 
2.1.6 Modularity within engineering and operations management 
Modularity has important implications for the production and delivery of products and 
services and has thus been a growing topic within recent years within the engineering and 
operations management literature. One area of research within this literature has been on 
developing frameworks and methods for defining, conceptualizing and measuring modularity 
in product architecture. Other major areas of research have focused on the relation between 
modularity and manufacturing practices, in particular mass customization, and on modularity 
in relation to product development processes. Finally a number of empirical studies have 
recently investigated the relationship between modularity of products and the performance of 
firms and supply chains. 
2.1.6.1 Frameworks and definitions for product architecture,  
Modularity is an important aspect of product architecture and there are thus a significant 
number of contributions on product architecture which consider different aspects of 
modularity. These primarily define modularity in relation to the literature on engineering 
design (Pahl, 1996; Ulrich, 1995), product platforms (Meyer & Lehnerd, 1996; Fisher et al., 
1999) and mass customization (Pine, 1993). Many of the articles in this group provide 
conceptual frameworks with applications to illustrative cases while a few present formal 
optimization models. 
Zwerink et al. (2007) develop a framework to evaluate product architectures based on 
relations between different product architecture decisions and -capabilities as well as to 
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different aspects of performance on the organizational (internal) and business unit level 
(external).  The various dimensions are illustrated through a case from the home appliances 
industry (electrical toothbrush) and questionnaire constructs are developed. The study reports 
on the procedural findings from a pilot application of the framework within two cases. 
However the study does not report on the results of the product architecture framework.  
Kong et al. (2009) review the history of modularity and develop a framework for modular 
product development consisting of a 15 step sequential development process. During the first 
seven steps functional modularization is conducted which is a virtual decomposition of 
functions. Subsequent to an architecture assessment the last seven steps are concerned with 
physical modularization, that is the realization of the architecture.  Although they suggest that 
each of the steps in the virtualization and realization phases of the development has its 
counterpart and is related, the logic of their framework is nevertheless linear with reverse 
flows only falling between adjacent steps. The paper is purely conceptual and although claims 
are made for the appropriateness of the framework no empirical evidence is presented. 
Nepal et al. (2005), present a method for optimizing modularization during the early stages of 
product development based on fuzzy logic approach. The approach involves obtaining 
multiple estimates of the cost effects of different pairwise combinations of a set of 
components into modules. These estimates are then transformed into a cost performance 
index for each combination of components based on which linear programming can be used 
to optimize the composition of modules with respect to cost. Although the case of a non-
specific coffee maker is used to illustrate the method, the study does not provide empirical 
testing of the proposed methodology in an industrial context. 
Mikkola (2006) suggest a general framework for conceptualizing product architecture as well 
as the application of the modularization function to capture the degree of modularity in a 
product architecture based on the framework. The cases of two product architectures (an 
elevator and a windshield wiper) are used to illustrate the application of the framework and 
the modularization function and highlight a number of managerial tradeoffs and dilemmas 
(Mikkola, 2006). Whereas the function of Mikkola measures degree of modularity Blecker & 
Abdelkafi (2007) suggest an index based approach to measure commonality. 
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While the above frameworks are all related to single product architecture the architecture of 
product families have been discussed in the literature. Du et al. (2001) thus point to the 
importance of considering decisions that span across the individual product and consider the 
architecture of product families. They suggest a framework comprising a common bases, 
differentiation enablers, and configuration mechanisms. A generic product structure which act 
as the basis for variety generation achieved through the mechanisms of attaching, removing, 
swapping, and scaling. The framework is illustrated through a case of the design of a specific 
Power supply product family. Liu et al. (2010) develop a similar framework but extend this 
into a formal optimization model for architecture decisions across products within a product 
family. Their model is based on a sequential design process in which modularity is used to 
achieve variety of functions while commonality design is used to economize by reusing 
elements of the platform. Application of the model is illustrated through the case of a family 
of power tools (Liu et al., 2010). The tradeoff between commonality and diversity is an 
inherent aspect of product family design for which Thevenot et al. (2007) develop an index 
based method to help designers manage during all stages of the product family design 
process. 
Ben Mahmoud-Jouini & Lenfle (2010) extend the discussion of the architecture of product 
families by considering platform evolution across its lifetime. They focus on the reuse of 
platforms from one generation of products to the next. Through a single case study within the 
automotive industry they show how two design rules were mobilized implicitly by designers 
at different times during the development of the new product. These involved on the one hand 
a rule of carrying over components in order to favor commonality and on the other hand a 
rule to avoid overdesigning. However in their case of reusing the platform itself across 
product generations they find that these design rules are challenged by what they label ‘smart 
reuse’. This involves a learning mechanism resulting in the co-evolution of the product and 
the platform itself. 
2.1.6.2 Modular architecture and mass customization 
Although most of the articles in this group are also interested in product architectures they are 
generally so in relation to the capabilities of the production system. Modularity in this group 
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is not only discussed in relation to products but also processes (Tu et al., 2004; Jacobs et al., 
2011; Fredriksson, 2006; Fredriksson & Gadde, 2005) as well as services (de Blok et al., 
2010; Voss & Hsuan, 2009). Major attention is given to the relationship between product 
architecture and supply chain configuration (Pero et al., 2010; Lin et al., 2009) and 
particularly mass customization (Tu et al., 2004; Duray et al., 2000; Mikkola, 2007; Ro et al., 
2007; Salvador et al., 2004; Kumar, 2004). Common references are made to Pine (1993) and 
Feitzinger & Lee (1997) and modularity in this group of articles is primarily defined with 
reference to Baldwin & Clark (1997), Ulrich (1995), Schilling (2000) and Starr (1965). 
Duray et al. (2000) suggest a typology of mass customization by characterizing according to 
when customers are involved in specifying the product and the type of product modularity 
which is employed. Similarly Salvador et al. analyze the relationship between types of 
modularity and types of mass customization using the product family as unit of analysis in a 
multiple case study (2002, 2004). They identify two distinct supply chain configurations 
which they characterize as ‘hard’ and ‘soft’ mass customization and find that the type of 
modularity depends on the level of customization. With moderate levels of customization 
component swapping modularity is a key element in the ‘soft’ configuration while with high 
levels of customization component modularity is crucial for the ‘hard’ mass customization 
configuration. The relationship between product architectures and production processes also 
involve the question of how product modularity affects coordination. In a case study at Volvo 
Fredriksson and Gadde investigate how Volvo uses the coordination mechanisms of plans, 
standardization and mutual adjustment to coordinate its modular assembly. They demonstrate 
how the standardized interfaces of modular product architecture are in themselves insufficient 
to ensure coordination of the production process (Fredriksson & Gadde, 2005; Fredriksson, 
2006). In a recent study of the US automotive Ro et al. show that the move to modularity has 
led to major changes of supply chain practices but also find that modularity has largely been 
used to realize cost reductions rather than to allow for customization (Ro et al., 2007).  
Mikkola investigate the relationship between product modularity, outsourcing and inter-firm 
learning on mass customization (Mikkola, 2003) and apply the mathematical modularization 
function to capture the modularity of product architecture based on its characteristics 
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(Mikkola, 2007). Similarly Kumar develop metrics based on product characteristics to capture 
the extent of customization and mass production. As these two measures represent the value 
and cost of customization respectively Kumar suggest how these two measures can provide 
the basis for optimizing mass customization capabilities (Kumar, 2004). In order to develop 
constructs for modularity based manufacturing practices Tu et al. conduct a survey of 
manufacturing engineers. Based on their survey they construct a structural equations model 
and find that all of the three constructs ‘product modularity’, ‘production process modularity’ 
and team modularity’ have positive impacts on mass customization (Tu et al., 2004). Finally 
through survey research Jacobs et al. find a positive the relationship between product 
modularity and manufacturing performance (Jacobs et al., 2007) and recently that “product 
modularity facilitates process modularity, engenders manufacturing agility, and improves 
growth performance in ROI, ROS, and market share” (Jacobs et al., 2011).  
2.1.6.4 Empirical surveys of the relationship between modularity and performance 
Recently a number of articles have been published based on survey research attempting to 
empirically test the effects of product modularity and several outcome measures such as 
supply chain integration and performance. These articles defining modularity with primary 
reference to Sanchez & Mahoney (1996), Ulrich (1995), Sanchez (1995) and Schilling (2000) 
and with reference to key articles from Operations Management journals such as Duray et al. 
(2000) and Salvador et al. (2002). 
Based on a structural equation model of survey data from 251 Hong Kong manufacturers 
Antonio et al. find a positive relationship between product modularity, and competitive 
capabilities (Antonio et al., 2007) as well as supply chain integration (Lau et al., 2010). When 
including internal integration (business processes aimed at increasing functional integration) 
they find both positive relationships as well as interaction effects between product modularity 
and internal integration to improve product innovativeness and product quality (Antonio et 
al., 2009). Danese & Filippini use hierarchical regression analysis based on survey data from 
186 manufacturing plants and find that product modularity positively affects NPD time 
performance. Furthermore this effect is intensified by integration between functions in the 
NPD process (Danese & Filippini, 2010).  
 60 
 
Using multiple regression analysis to analyze survey data from purchasing directors in 104 
manufacturing companies Howard & Squire (2007) find that modularization lead to increased 
supply chain collaboration a relationship that is mediated by relationship specific assets and 
information sharing. As they note “modularization is not a process of specifying an interface 
and product dimensions, but involves ongoing consultation after the initial brief has been set 
to ensure the product architecture functions together as a whole” and their findings thus 
contradict the propositions that modularity lead to arms-length relationships (Howard & 
Squire, 2007). Similarly Squire et al. (2009) find a positive relationship between supplier 
modularity and buyer responsiveness. However contrary to their expectations they find a 
negative interaction effect from collaboration indicating that with high modularization there is 
less to be gained through collaboration (Squire et al., 2009).  
2.1.6.5 Modularity and development processes (DSM approach)  
These articles are on modularity in relation to product development which primarily applies 
the design structure matrix to investigate the dependencies within product architectures and 
its effect on the development process. The group primarily defines modularity with reference 
to Alexander (1964) and based on Eppinger et al. (1994) and Baldwin & Clark (2000) and the 
design structure matrix is employed as the primary method of investigation. This field link the 
study of modularity to the literatures on product development (Ulrich 1995, Thomke 1997, 
Brown & Eisenhardt 1995), concurrent engineering (Terwiesch et al. 2002) as well as 
engineering design projects (Mihm et al. 2003, Smith & Eppinger 1997). 
The design structure matrix offers a structured way to model the design interdependences 
between the components of the architecture. Through integration analysis it subsequently 
enables innovation at the architectural level. The use of clustering algorithms based on the 
design structure matrixes is one way of realizing modularization by utilizing knowledge of 
interdependencies to group together components which are highly interdependent among 
themselves, but relatively independent from other components into modules (Browning 
2001). Alternative perspectives are possible to model such as team dependencies and 
dependencies between activities i.e. in a development process.  
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A number of studies have investigated modularity from a DSM perspective. MacCormack et 
al. (2006), apply the DSM to study two different information system designs, that of Mozilla 
Firefox and the Linux operating system. Using source code to extract and map dependencies 
between component elements they are able to estimate the modularity of the different 
software systems. Due to the fact that Mozilla was redesigned in 1998 they were able to 
identify the level of modularity before and after the redesign. Based on this they demonstrate 
how the subsequent design was substantially more modular than the prior and by juxtaposing 
with data on propagation costs they demonstrate a positive economic benefit of modularity. 
Huberman & Wilkinson (2010), model project dynamism through the use of a work 
transformation matrix the calculation of which is based on design structure matrices. They 
suggest their model to be a useful tool for coordinating projects with particular attention to 
managing unpredictability. Fixson (2005) take the function-component allocation matrix and 
characterizations of interfaces as point of departure to develop a method for assessing product 
architecture. He suggests that these two dimensions form the basis for product architecture 
maps which offer graphical representations of product architectures. 
In the context of the development of an aircraft engine at Pratt & Whitney, Sosa et al. (2004), 
study the misalignment between design interdependencies and team interactions. Through 
interview with design engineers they decomposed the engine into six modular and two 
integrative subsystems with corresponding components. They further gathered data on design 
interdependencies which were represented in a design interface matrix. Comparing this data 
with a team interaction matrix they estimated an alignment matrix detailing whether or not 
interdependencies between components were met by interactions between teams responsible 
for the individual components. This matrix was subsequently analyzed using statistical 
network analysis in order to identify causes for misalignment. In relation to modularity they 
find that “a significantly larger proportion of unmatched design interfaces across modular 
systems… (this) suggests that modularization itself may further hinder design teams’ ability to 
handle interfaces across boundaries” (Sosa et al., 2004, p. 1686-7). Recently Gokpinar et al. 
(2010) have extended this area of study to include the effect of misalignment on performance. 
Based on data from in a vehicle development process covering 243 subsystems in 13 vehicle 
programs, they use social network analysis to estimate measures of subsystem centrality and 
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misalignment. They use a coordination deficit measure to capture misalignment between 
connectivity of the product architecture and levels of formal coordination. Using these 
measures as independent variables in a regression analysis with warranty issues as dependent 
variable they find that quality problems are more likely to occur in subsystems with 
intermediate centrality. They speculate that it is more difficult for managers to identify the 
appropriate attention for such subsystems that are neither obviously simple nor complex. 
More importantly they find that the coordination deficit metric is positively correlated with 
warranty incidents suggesting that misalignment of development organization and product 
architecture is detrimental to performance (Gokpinar et al., 2010). 
There are clear linkages between the representation of design projects as design structure 
matrices and the search and problem solving conceptualization using the interaction matrix 
between decision variables in the complex systems perspective. Loch et al. (2001) thus 
construct a model to evaluate the consequences of performing sequential or parallel testing 
and Loch et al. (2003) model the decision making of design engineers in projects where each 
engineer is responsible for deciding on a single component whose performance is dependent 
on the decisions made on other components. This model is an extension of the NK model and 
based on it they simulate the consequences of introducing cooperation between agents and of 
increasing modularity in the structure of interdependencies. They find that in design projects 
quickly become complex and display nonlinear behavior, i.e. the design start to oscillate 
between different design solutions before it converges. They conclude that it is not possible 
for management to solve this challenge but that there are actions available which can mitigate 
it. There are thus large effects from design engineers optimizing globally and being willing to 
sacrifice a small reduction in the performance of their own component for the sake of 
increasing performance on other components. Furthermore management can take actions to 
reduce the size of the development project or reorganize interdependencies of components 
through modularization (Loch et al. 2003) 
Whereas the literature on modularity would typically suggest that modular product 
architecture enable the use of inter-firm networks by reducing the complexity of their 
interfaces the case studies of Staudenmayer et al. (2005), suggest a more complex picture. 
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Based on cases of product development in seven companies within the telecommunication 
industry they find that in the design of new products companies face a number of challenges 
in the presence of inter-firm product modularity. Among these they find that whereas a 
modular architecture is supposed to anticipate and reduce interdependencies in the inter-firm 
interfaces they find that “many interdependencies were not necessarily identifiable in 
advance or visualizable by employees; instead, they emerged unexpectedly over time… These 
hidden interdependencies could pop up unexpectedly and required flexible management 
responses” (Staudenmayer et al., 2005, p. 313). Whereas the literature on modularity tends to 
suggest the importance of anticipating and severing interdependencies between modules, they 
contest that the companies instead focused attention on identifying and managing 
interdependencies as they arose. This reflects an acknowledgement that complete ex-ante 
identification of interdependencies and subsequent specification of interfaces is unattainable 
in the contexts they studied and that significant importance lies in the solutions constructed to 
reflect the divergence to this ideal. 
2.1.7 Organizations and modularity 
The literature on modularity has increasingly been linked to the study of organizations both in 
the sense that product and service modularity have effects on the structure of organizations, 
but also as a structural property of organizations themselves and decision making within 
organizations. The notion of modularity is thus being used as perspective on organizations 
offering insights into the boundaries of the individual firm as well as on the structure of 
knowledge across firm boundaries in industrial networks. Modularity is being linked to the 
capacity of organizations to absorb knowledge and to build the dynamic capabilities argued to 
be essential for maintaining competitive advantages. Moreover the development of distributed 
information and communication technologies have sparked an interest in modularity within 
information systems research in particular in relation to consequences on outsourcing and 
alliance formation. Based on research on organizational search and adaption a stream of 
literature has developed which is studying modularity in relation to decision making in 
complex systems. Finally several scholars are mobilizing the knowledge on modularity as a 
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starting point for developing a theory of the firm embracing the dynamism of technological 
change. 
2.1.7.1 Capabilities and absorptive capacity 
Drawing on the literature on knowledge creation and learning a number of contributions are 
studying the role of modularity in the ability of organizations to create competitive 
advantages. These articles are extending the discussions of organizational learning by 
drawing on the concept of modularity as a mechanism that facilitates or reduces the need to 
share knowledge within and across organizations. They are engaged in discussion with the 
literature on knowledge creation (Nonaka, 1994), organizational learning (March, 1991) and 
absorptive capacity (Cohen & Levinthal, 1990). These articles are thus interested in the 
development of capabilities within firms (Lei et al., 1996; Kusonoki et al., 1998) as well as 
knowledge exchange across firms (Arikan, 2009; Malhotra et al., 2005; Grunwald & Kieser, 
2007) and across industries (Lei, 2000; Lei, 2003). 
Lei et al. (1996), studied investment in advanced manufacturing technological capabilities 
and how the value of these capabilities is related to organizational design. They argue that a 
loosely coupled modular organization increases the option value of such capabilities as it 
enables the firm to identify and exercise those options made available through advanced 
manufacturing technologies (Lei et al., 1996). In discussing capabilities Kusunoki et al. 
(1998), use modularity as one dimension to describe those capabilities which are “based on 
individual knowledge units” as opposed to those who “link and combine each unit of 
knowledge” (Kusonoki et al., 1998, p. 700). Using this dimension along with the extent to 
which capabilities are designable they distinguish between local, architectural and process 
capabilities. Based on a survey of 656 Japanese companies they find that different 
competencies are related to performance depending on industries. They further note that the 
competitive strength of process capabilities of Japanese may be threatened by modularity as 
technologies that enable standardization of interfaces between product subsystems undermine 
the value of process capabilities.  
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Focusing on clusters of firms Arikan (2009), in a conceptual paper build on the knowledge 
creation theory of Nonaka to develop a theoretical model explaining the factors which 
influencing the knowledge creation capabilities of clusters. He suggest that the degree of 
product modularity has a negative impact on the opportunities for inter-firm knowledge 
creation, reflecting that with perfectly modularized products there is no need for knowledge 
exchange as fully standardized interfaces enable arm’s length transactions (Arikan, 2009). In 
the context of supply chains Malhotra et al. (2005) use the notion of inter-organizational 
process modularity (Sanchez, 1996) to refer to a supply chain process architecture in which 
the individual firms are performing well defined sub processes on which they can experiment 
independently. Consequently: “enterprises are better able to recognize the holes in their 
knowledge and identify external sources for obtaining information to improve their own 
capabilities” (Malhotra et al., 2005, p. 155). Based on interviews and survey data from 13 
partnerships in the RosettaNet Consortium they note that the role of standardized business 
interfaces is both structural and cognitive in the sense it allows enterprises to link to potential 
partners faster and also through modular process architectures reduce the cognitive load on 
managers thus increasing their absorptive capacity (Malhotra et al., 2005). 
In a study of cross organizational learning in four architectural innovation projects performed 
in strategic alliances between SAP and partner companies Grunwald & Kieser (2007), 
interestingly find that in order to overcome the limited absorptive capacity of the individual 
the organizations focused on reducing inter-organizational learning rather than increasing it. 
Instead of integrating knowledge across specialists from the alliance partners they relied on 
modularizing the projects tasks and products a process in which components were assigned to 
the partnering organizations and their interfaces specified. Furthermore the storage of 
knowledge in artifacts, the ability to locate needed knowledge outside the project members 
and using prototyping to achieve knowledge integration reduced the need for sharing content 
knowledge, which only occurred selectively when problems arose. Through their study they 
thus argue that, contrary to the dominant view, innovation projects between alliance partners 
benefits from learning the mechanisms allowing them to avoid inter-organizational learning, 
of which modularization is an important mechanism (Grunwald & Kieser, 2007). 
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The role of modularity on capabilities has not been confined to the single industry but has 
been extended to include the interaction between industries. Lei (2000) thus discuss the role 
of modularity on technological convergence and not that “The concept of modularity becomes 
especially salient to firms that must compete in convergence-prone environments, since 
product and service offerings must be ‘malleable’ or flexible enough to adapt easily to new 
technologies, complementary combinations with other offerings, and new customer usage 
patterns” (Lei, 2000, p. 722). In such environments he argues, modularity is one element in a 
strategy to compete in an innovation net which spans the boundary of particular industries 
(Lei, 2003). He defines innovation nets as a “network or cluster of companies that 
simultaneously cooperates and competes to develop product and service offerings through the 
use of shared product architectures, technical standards, or technological platforms” Lei 
(2003, 697). Competitive advantage in the innovation net he argues is thus impacted by the 
ability to develop modular products due to the embedded coordination provided by 
modularity. 
2.1.7.2 Loose coupling and dynamic capabilities 
These papers focus on modular organizational forms, and thus the conditions of the boundary 
of the firm in the light of technological change and market dynamism. Common to these 
papers is a rooting in the competence based perspective of the firm (Penrose, 1959; Chandler, 
1962; Teece, 1986; Barney, 1991; Wernerfelt, 1984) and dynamic capabilities (Leonard 
Barton, 1992; Teece et al., 1997; Eisenhart & Martin, 2000). Modularity is primarily defined 
in relation to organizational and product architecture and with reference to Baldwin and Clark 
(2000), Sanchez and Mahoney (1996) and Henderson and Clark (1990). 
Schilling attempts to establish a general modular systems theory that explains the forces 
driving systems from integral to modular and vice versa. The theory is formulated based on 
systems in general and is used to model inter-firm product modularity (Schilling, 2000) and 
organizational modularity at the industry level (Schilling & Steensma, 2001). In their analysis 
Schilling and Steensma use industry level data and hierarchical moderated regression to 
empirically study the drivers of modular organizational forms. They find support that the 
heterogeneity of inputs and demands positively influence the level of modularity. This 
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relationship is affected by the existence of industry standards, the levels of technological 
change and the degree of competitive intensity (Schilling & Steensma, 2001). The model thus 
point to trade-offs that management should take into consideration when deciding on levels of 
organizational modularity. They argue that those with the ability to anticipate and respond to 
changes in these variables may hold competitive advantage by gaining appropriate levels of 
flexibility or efficiency. Following similar lines of thought Martin & Eisenhardt (2004), argue 
that a re-combinative organizational form emphasizing modular organizational structure and 
dynamic capabilities is advantageous in high velocity markets with frequent decline. Through 
a case study they illustrate the modular organization and the three dynamic capabilities of 
probing, patching and recoupling and suggest how these facilitate corporate entrepreneurship 
(Martin & Eisenhardt, 2004) and suggest how inter-temporal economies of scope can be 
obtained through redeploying resources between businesses in related diversification (Helfat 
& Eisenhardt, 2004). Using publication data from guides on the US medical industry Karim 
(2006) explore “how firms pursue modular structural change through the reconfiguration of 
acquired and internally developed business units”. She finds that firms with greater 
experience in reconfiguring tend to do so sooner than other firms. Furthermore acquisitions 
are typically used to experiment with reconfigurations while internally developed units are 
reconfigured later and remain in the firm for a longer time (Karim, 2006, p. 821). 
Attempting to bridge transaction cost economics and the competence based perspective 
Parmigiani and Mitchell (2009) studied concurrent sourcing of complementary goods. Based 
on explorative interviews and a survey of the metal stamping and metal powder industry they 
find that firms often source complimentary goods concurrently that is, at the boundary of the 
firm.  As they note “this approach bridges the gap between the traditional and modularity 
arguments by suggesting that firms often do not need to unilaterally make or buy a set of 
components, but can sometimes do both” (Parmigiani & Mitchell, 2009, p. 1083). Robertson 
& Verona (2006) synthesize a range of theoretical insights to reach a number of propositions 
on changes of the vertical boundary of the firm suggesting mechanisms that drive towards 
integration and others driving towards disintegration. As such they extend the traditional 
transaction cost economic explanation by including dynamic transaction costs as well as 
dynamic capabilities and modularity as relevant explanations in situations of technological 
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change (Robertson & Verona, 2006). In a similarly integrative manner Jacobides lay forth a 
research program on architecture and design of organizational capabilities which as he notes 
has a broad foundation in the sense that it constitutes a Neo-Schumpeterian research program 
drawing not only on evolutionary based theorizing but also the notion of modularity and 
transaction cost economics (Jacobides, 2006). 
2.1.7.3 Modularity and organizational boundaries 
Similar to the previous group of papers these are predominantly interested in the relationship 
between product modularity and organizational modularity (Sanchez & Mahoney, 1996; 
Schilling, 2000; Baldwin & Clark, 200), however their primary interest is the outsourcing 
relationships and how the vertical boundaries of firms are shaped by modularity. Based on the 
distinction between partitioning of knowledge and tasks (Brusoni & Prencipe, 2001; Takeishi, 
2002) a number of the papers explore the challenges associated with the outsourcing of 
components and component development tasks through the use of case studies. Several of the 
papers in this group empirically test the relationships between modularity and vertical 
disintegration. While some find evidence supporting the claim that modular product 
architecture lead to modular organizations (Argyres & Bigelow, 2010) others present 
empirical evidence which contrasts with previous assumptions within the literature on 
modularity (Brusoni, 2005; Zirpoli & Becker, 2011; Miozzo & Grimshaw). On the contrary 
they find firms experience a number of problems requiring explicit attention and coordination 
in contexts such as knowledge intensive business services (Miozzo & Grimshaw, 2005) and 
engineering and design tasks (Zirpoli & Becker, 2011). 
In a theoretical framework Chesbrough and Prencipe (2008) attempt to capture the 
evolutionary dynamics of technological modularity claiming that modularity is an appropriate 
response to certain stage of development in the life cycles of technologies rather than being 
an end stage in the continuous refinement of technological architecture. Based on 
examination of the literature on innovation networks and modularity they thus suggest that 
technology follows a dynamic cycle from a pre modular phase in which the technology is not 
fully understood through a transition phase to the modular phase in which the innovation 
network changes focus from exploration to exploitation. Finally in a post modular stage firms 
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attempt to break the technological limits reached in the modular architecture through 
integration rather than modularity (Chesbrough & Prencipe, 2008). Their framework thus 
challenges the perceived view that modularity is final stage in the refinement of architectures, 
but rather an intermediate step in a continuously changing cycle in which an important 
challenge for firms is to match their innovation network with the stage of the technological 
development. 
In an empirical study of the early us automotive industry (Argyres & Bigelow (2010) 
investigate the extent of vertical disintegration during the period 1920-31 in which a 
dominant design was established. Based on data on the choice of production of nine major car 
components for each car model years they establish a vertical integration measure and 
through regression analysis identify a modularity effect as the level of vertical integration 
decreases significantly after the emergence of a dominant design. Furthermore by using car 
price and engine performance (horsepower) as measures of differentiation by automotive 
producers they find evidence for a differentiation effect in which differentiated car models 
tend to be more vertically integrated than lower price/small engine models. They thus find 
evidence for the transaction cost based argument that increasing standardizations from 
product modularity lowers transaction costs by reducing asset specificity and the risk of 
information leaking and therefore lead to higher use of market based transactions (Argyres & 
Bigelow, 2010). In a similar study but using historical data on both the semiconductor 
industry and the electronic systems industry in the US, Funk (2008) trace the effect of 
innovations at the component (semiconductors) level on the system level (electronic systems). 
He shows how technological discontinuities in semiconductors have resulted in architectural 
innovations in the electronic systems industry as component improvements have enabled the 
recombination of standard components in the architecture of electronic systems and 
simultaneously led to the vertical disintegration of the semiconductor industry from the 
electronic systems industry. He thus suggests how modular design and the evolution of design 
rules at one level of a nested industry hierarchy can have profound implications at a higher 
industry level. 
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Based on empirical evidence from the UK and Germany, Miozzo and Grimshaw (2005) claim 
that the idea of modularity as a strategy to stimulate innovation does not appear to hold for 
outsourcing of knowledge intensive business services. They use case research data on IT 
outsourcing from four computer services firms and case survey data from thirteen of client 
organizations and find that “the sustainability of innovation is brought into question by the 
intangibility of services, which exacerbated conflicts between the client and supplier 
organisations” (Miozzo & Grimshaw, 2005, p. 1434). They suggest that what make it so 
particularly difficult to separate computer services from operations functions is that IT is 
inseparable from production technology and therefore difficult to provide through arms-
length contracts. Consequently when computer services are separated from operations it 
requires organizational and knowledge coordination (Miozzo & Grimshaw, 2005). Through 
an in depth case study of the NPD processes of a European automotive manufacturer and 
eight of its suppliers Zirpoli and Becker (2011) focused on the decisions and outcomes of 
outsourcing of engineering and design tasks as well as the organization of product innovation. 
The company they studied had during the 1990’s chosen a strategy of extreme outsourcing 
and despite experiencing initial benefits of strategic flexibility they found themselves in a 
situation in which competencies were eroding. Subsequently the company reversed its 
outsourcing strategy but realized that they had lost critical systems integration competencies. 
One of their main findings is that there is an important difference between integration of the 
physical components of a system and integration of the systems performance. They find that 
these cannot be decomposed in the same way, as an aspect of performance of the system can 
be dependent on several systems. Furthermore performance has multiple dimensions making 
it even more difficult to decompose performance of the automobile. Therefore they find that 
there are multiple reciprocal interdependencies between the components of the architecture 
and performance imply that performance trade-offs are of great importance. Managing 
performance trade-offs however require component specific knowledge and imply a 
coordination cost especially in the face of outsourcing. This coordination cost is not 
eliminated by introducing modular product architecture due to the difference between the 
physical interfaces and product performance. 
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2.1.7.4 Information technology, governance and organization 
These articles all focus on the relation between modularity of information technology and 
aspects of governance. A common theme is on how information and communication 
technologies enable outsourcing and offshoring of tasks and processes and how modularity is 
playing an important role in this development (Tiwana 2008a, 2008b; Grote & Taube, 2007; 
Tandriverdi et al., 2007). Similarly IT architecture is found to complement IT governance as 
architecture modularity increase agility and decentralization of IT governance strengthen this 
(Tiwana & Konsynski, 2010). Modularity, architecture and platforms are thus areas which 
call for more research attention, especially in relation to the evolution of platforms (Tiwana et 
al., 2010). Modularity is primarily defined based on Sanchez & Mahoney (1996) And 
Schilling (2000). 
Tiwana (2008a) use the notion of ignorance to capture the degree to which the outsourcing 
firm while technically competent to perform the specific project lack idiosyncratic knowledge 
of the business domain. Through a survey of 209 software outsourcing alliances Tiwana 
analyze the relationship between outsourcee ignorance, inter-firm modularity and project 
performance and find support for the hypothesis that that increasing inter-firm modularity 
lowers the need for inter-firm knowledge sharing. The study points to the tradeoff between 
investing in modularization versus ignorance reduction both of which are costly to undertake. 
A similar study find that technological modularity can be a substitute for process control in 
outsourcing alliances but does not decrease the need for output control. The study concludes 
that “modular product development demands semi modular organizational arrangements 
where developers can be granted autonomy over the development process but not over 
outcomes” (Tiwana, 2008b, p. 778). The modularity of the outsourcing object is thus of 
significant to the outsourcing arrangement and can affect the sourcing decisions. Tandriverdi 
et al. thus show how the level of modularity directly affects the choice between outsourcing 
and offshoring of business processes. Through a survey they show that firms with low 
business process modularity typically turn to low cost offshore providers with high 
modularization capabilities whereas firms with high business process modularity prefer to use 
outsourcing through domestic providers with offshore subsidiaries (Tandriverdi et al., 2007). 
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However Grote and Taube (2007) show through a qualitative study of the investment banking 
industry that although many aspects of the activities they study are indeed technically 
modular due to the use of ICT other requirements prevent offshoring decisions. Knowledge is 
thus still passed over face-to-face from analysts to traders and clients expect interaction with 
analysts and not just sales persons. This study thus point to of the limitations of modularity in 
relation to outsourcing. 
2.1.7.5 Organizational search and adaption 
Recently a stream of literature on modularity has begun to pay significant attention to the 
challenge of identifying the right number of modules and thus how the architecture should be 
partitioned. As Ethiraj and Levinthal (2004) point out the question of how many modules 
designers of architecture should choose is by no means trivial and the choice can have a 
significant impact on the performance of the system. In order to model this question and 
examine the consequences on performance this growing subfield within the study of 
modularity has turned to a complex systems perspective with the notion of organizational 
search and adaption (Kauffman 1993, Levinthal 1997, Rivkin 2000). Modularity is primarily 
defined in relation to Simon (1962) and Baldwin and Clark (2000). Organizations and 
organizational design is in focus with common references to Thompson (1967) and Nelson 
and Winter (1982). This perspective on modularity explicitly challenges suggested effects of 
modularity and suggest dilemmas and tradeoffs involved in the notion of modularity such as 
between speed of search and risk of imitation (Fleming & Sorenson, 2001; Ethiraj et al., 
2008) and the risk of ending up in local peaks due to decentralization (Siggelkow & 
Levinthal, 2003). This perspective on modularity thus challenges the proposition that 
increased modularity necessarily improve innovation and firm performance. Although 
illustrations of empirical cases are made this perspective rely primarily on formal modeling 
through the refinements of NK models of organizational search (Ethiraj & Levinthal, 2004; 
Ethiraj et al., 2008; Fleming & Sorenson, 2001) and agent based simulations (Siggelkow & 
Rivkin, 2005; Siggelkow & Levinthal, 2003).  
Pil and Cohen thus suggest a theoretical framework highlighting not only the positive effects 
on exploration but also the negative effect of innovation diffusion resulting from increased 
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product modularity (Pil & Cohen, 2006). Similarly Fleming and Sorensen offer a contingent 
view on the effect of modularization on innovation and based on an NK model using 
empirical patent data and suggest that intermediate levels of modularity are most appropriate 
to innovation (Fleming & Sorenson, 2001). Gavetti et al. (2005) in their study of decision 
making by analogy in high dimensional performance landscapes include decomposability of 
decision variables and investigate its consequences on the benefits of analogy and find that 
“for dealing with systems of choices that are inherently non-decomposable or have not yet 
been decomposed, reasoning by analogy is particularly powerful” (Gavetti et al., 2005, p. 
710). 
Siggelkow & Levinthal investigate modularity by analyzing the effects of decentralizing 
according to an underlying decomposition of the value landscape and show that there are 
indeed performance benefits to be achieved. However they also demonstrate that the picture 
changes dramatically if the firm is attempting to the same decentralization in a situation in 
which the value landscape has randomly distributed interdependencies between decision 
variables. They find that in this situation a strategy of decentralizing and re-integration 
outperforms both centralized and decentralized strategies when search is initiated on a 
random location at the value landscape. Furthermore by introducing environmental 
disturbance into their model they find that the outcome of the re-integration strategy is 
dependent on the level of disturbance. They model disturbance by initially locating firms on 
the peak and change the value landscape so that it requires change in a number of variables to 
reach the peak again. For high levels of disturbances many variables need to be changed and 
in this situation re-integration is especially beneficial while with low disturbance a centralized 
strategy is better. Interestingly they also model the effect of firms decentralizing by 
deliberately using a ‘wrong’ decomposition of the decision variables and thus create 
interdependencies between divisions. Again a temporary use of such a mixed solution avoid 
getting stuck in low performance local peaks while still realizing the benefits of eventually 
choosing the right decomposition. They conclude that “firms need to trade off the short-term 
costs of decentralized exploration and the long-term benefits that can be achieved from 
coupling initial decentralized exploration with subsequent integration” (Siggelkow & 
Levinthal, 2003, p. 662). Ethiraj & Levinthal likewise point to the tradeoffs involved in 
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determining the level of modularity and interestingly show through an NK simulation model 
that it is asymmetric cautioning designers against overly modularizing. As they note 
“Excessive modularization may blind the designer to potentially important interactions 
between decision choices and result in dysfunctional perturbations in module- and system-
level performance that constrain evolution to inferior designs”. They further point out that 
“Designers engage in acts of creation, but unlike a divine creator, they lack omniscience. 
Choices of modules are guesses about appropriate decompositions – decompositions that 
even in reality are only partial (i.e. nearly decomposable). In making these guesses, our 
analysis suggests that there should be no presumption of a ‘pro-modularity’ bias” (Ethiraj & 
Levinthal, 2004, p. 172). This implies that finding the optimal level of modularity is not a 
trivial task, that modularity should not be considered a panacea and that the specification of 
standardized interfaces, poses a challenging task. Using an NK model Ethiraj et al. show that 
nearly modular structures outperform both non modular and modular structures because they 
simultaneously increase the efficiency of search while impeding imitation and thereby 
maintaining the performance gains on the long term (Ethiraj et al., 2008).  
In a similar model which also assume interdependence between decision variables and a 
loosely coupled organizational form Ethiraj & Levinthal (2009) extend their investigation 
include incentive design. Specifically they investigate the incentive problem of pursuing 
multiple weakly correlated goals and indeed find that this result in lower performance as it 
“freezes managerial action when a decision improves one performance goal but undermines 
one or more other goals” (Ethiraj & Levinthal, 2009, p. 19). They suggest three alternative 
solutions; myopic selection of just one goal, spatial (assigning only few goals to each unit) or 
temporal (rotating goals) differentiation through simulation show that these do in fact 
improve performance when compared with the multiple goals scenario (Ethiraj & Levinthal, 
2009). In a similar NK model Brusoni et al. (2007) study the consequences of varying degrees 
of modularization and find long term performance deterioration from over modularization. 
However in contrast to Ethiraj & Levinthal (2004) they identify a short term benefit and 
conclude by pointing to the trade-off between speed of search and breadth of search. Modular 
search strategies offer speed of search but risk sticking to local optima whereas integral 
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search strategies avoid this at the risk of being overtaken by modular search strategies in a 
selective environment (Brusoni et al., 2007). 
Although various studies have used NK models to highlight different aspects of 
decomposition of decision making different conclusions appear as to the efficacy of 
modularity which may be due to application of different search strategies (Geisendorf, 2010). 
The notion of modularity challenge the assumptions of the NK model itself in particular the 
randomness of the interdependencies between decision variables which is treated as 
exogenous. As Brusoni et al. note this is a simplification as “In reality, on the contrary, firms 
often make a deliberate effort to reduce the amount of interdependencies in the product 
development problem” Brusoni et al., 2007, p. 131). Modularity is in essence a counteracting 
force to the ‘complexity catastrophe’ (Caminati, 2006). As noted by Caminati: “Selection for 
modularity implies that the most effective design rules will be those able to counteract the 
increasing dimension of the knowledge space through the increasing decomposition thereof, 
to the effect that R&D will be able to exploit the principles of division of labour” (Caminati, 
2006, p. 226). Thus for management interdependencies of decision variables is not just a 
given but can be altered into decomposability, however subject to the changes to the 
knowledge space caused radical inventions which “imply a deconstruction and reconstruction 
of a knowledge interaction matrix of a more global kind” (Caminati, 2006, p. 226). 
2.1.7.6 A modularity theory of the firm 
In recent years efforts have been made to establish a modularity theory of the firm which 
attempt to include technological innovation and the structure of architectures as an important 
determinant of the boundaries of the firm. These papers draw on transaction cost economics 
with primary reference to the work of Williamson (1985) and Coase (1937), and are 
extensions of the work of Langlois and Robertson (1992) who suggest a theoretical 
framework for explaining industry development and hence vertical integration and 
disintegration through integrating transaction cost economic principles with a competence 
based view of the firm. They argue, that transaction costs are short run phenomena that are 
reduced over time as firms develop institutional structures that impede transaction costs 
“Whether there is continuity, merger, or disintegration is a function of the cost structure at 
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that time, which in turn depends on the existing distribution of capabilities and the degree of 
efficiency of markets” (Langlois & Robertson, 1995, p. 45). Langlois and Robertson points to 
benefits from modularity being relevant not only to producers but also to consumers: “The 
benefits of modularity appear on the producer’s side as well as on the consumer’s side. A 
modular system is open to innovation of certain kinds in a way that a closed system – an 
appliance – is not. Thus a decentralized network based on modularity can have advantages in 
innovation to the extent that it involves the trying out of many alternate approaches 
simultaneously, leading to rapid trial-and-error learning.” (Langlois & Robertson, 1995, p. 
75). And further on the environment in which modular systems can accelerate innovation: 
“This kind of innovation is especially when technology is changing rapidly and there is a 
high degree of both technological and market uncertainty”. Organizations that prefer market 
transaction can in effect modularize activities in order to achieve what Baldwin refers to as 
‘thin crossing points’ between modules, where transaction costs are lower Baldwin (2008). 
Vertically integrated organizations are thus a non-modular reply to the need for interaction 
between elements in which the alternative is modularity and market interaction (Langlois, 
2002). The TCE perspective however has traditionally not sought to explain the origin of 
transactions or as Baldwin point out, theories on transactions “almost never ask why the 
opportunity to have a transaction occurs where it does. As a result, the forces driving the 
location of transactions in a system of production remain largely unexplored” (Baldwin, 
2008, p. 156). For this change of explanation, Baldwin claims that it is necessary to include a 
focus on what she labels mundane transaction costs as “Transactions are designed to match 
their locations. In a given location, the objects being transacted must be defined and counted 
(or otherwise measured), and the purchaser must compensate the supplier. Thus, work goes 
into making the transaction. I call the costs of this work mundane transaction costs to 
distinguish them from the opportunistic transaction costs that are the focus of analysis by 
Williamson” (Baldwin, 2008, p. 156). This has major implications for the analysis of 
transactions, as expenditures on the mundane transaction costs according to Baldwin can 
offset the negative transaction costs of opportunism.  
Furthermore, as Baldwin point out, transactions are not given a priori but are themselves 
amendable to change. Specifically the process of modularization affects the thickness of 
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crossing points and hence the location of transactions. This all imply the importance of 
introducing the notion of change into the analysis of transactions: “These new module 
boundaries provide points of entry for competitors and breakpoints, where vertically 
integrated firms and industries may split apart. Therefore, transaction locations are not 
technologically determined, but arise through the interplay of firms’ strategies and 
knowledge and the requirements of specific technologies. Strategies, knowledge, and 
technologies all change over time, hence the location of transactions changes as well” 
(Baldwin, 2008, p. 156). Likewise Argyres and Bigelow (2010) based on their study of the 
consequences of technological development in the early US automotive industry on vertical 
integration, point to the need to endogenize transactions. As they note “there may be natural 
patterns of technological evolution—especially as new technologies emerge from firms’ 
innovation choices—that systematically impact the characteristics of firms’ transactions, and 
in turn cause temporal patterns in vertical integration behavior. Increasing modularity may 
be one example of this kind of technological evolution, but there may be others as well” 
(Argyres & Bigelow, 2010, p. 851). 
Langlois pose similar concerns in relation to treatment of the origin and nature of transactions 
and transaction costs within ‘mainstream economics of organization’9.  “Where exactly do the 
[institutional] alternatives come from? More subtly: what exactly are these things called 
‘transactions’, and where do they come from?” (Langlois, 2006, p. 1394). In conclusion 
Langlois claim that: “The perspective from modularity I advocate here has the benefit of 
returning our focus to the process of organizational change” (Langlois, 2006, p. 1405, 
emphasis in original). Thus examining the process of modularization appears to be one way to 
introduce a notion of dynamism into the study of the evolution and location of transactions. In 
so doing they seek to extend the traditional transaction cost economic explanation of the 
boundary of the firm by including technologic change and the role of innovation. 
                                              
9 A category on which Langlois notes: “in which for present purposes I would include even 
Williamson — takes task boundaries (technologically separable interfaces) for granted and 
focuses, often single mindedly, on the issue of asset ownership. In many of these theories, 
indeed, it is the ownership of non-human assets that defines the firm and sets its boundaries 
(Hart 1989)”. 
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2.1.8 Development of the field of modularity  
As discussed above the literature on modularity has grown significantly and as discussed 
above a number of different approaches to the study of modularity have emerged. From being 
primarily related to the strategic benefits of product modularity, the literature has increasingly 
turned attention to other aspects of modularity including organizations, information 
technology, manufacturing capabilities and innovation.  
Figure 5 show four snapshots of the literature on modularity and indicate that the growth of 
the literature has increased significantly within recent years. The growth in the literature 
seems to be caused by growing awareness of the concept of modularity and its relevance 
within different areas of research. 
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The use of modularity as a key concept in different areas have resulted in the development of 
individual groupings within the literature which touches upon different aspects of modularity 
and focuses on different consequences of modularity. From being perceived primarily in 
terms of product architecture with strategic relevance modularity is currently being studied in 
relation to operational capabilities and production strategies, innovation processes, 
organizational structure and industry evolution.  
Furthermore the literature has developed from primarily consisting of theoretical frameworks 
and propositions to empirical investigations using various research methods. A number of 
studies have thus attempted to empirically test proposed relationships while others have 
sought to understand modularization at the level of individual firms and their inter-
organizational relationships.   
2.1.9 The intellectual structure of the literature on modularity 
As indicated in the above discussion the literature on modularity has developed into a number 
of distinct groupings studying various aspects of modularity. Although there is general 
consensus on the importance of the concept of modularity the different groupings have 
emphasized different aspects of modularity and have used different perspectives in their 
analysis of its consequences. In order to identify these perspectives and to visualize the 
intellectual structure of the literature on modularity a co-citation analysis was conducted 
based on the dataset presented above. 
The citations of the literature on modularity were used to identify the extent to which 
individual references were frequently co-cited with other references as indicated by figure 2. 
References which were frequently cited together by articles on modularity identified in the 
literature search could thus indicate proximity of ideas suggesting that they belong to the 
same intellectual perspective. Based on the transposed adjacency matrix Pearson correlation 
coefficients were calculated to estimate co-occurrence similarly to the calculation of the 
bibliographic coupling metric. In order to visualize the resulting matrix of co-occurrence the 
network graph in figure 6 was drawn based on the normalized correlation coefficients. Lines 
between references indicate that they have frequently occurred in the reference list of the 
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same citing articles with line thickness representing higher frequencies as measured by the 
Pearson correlation coefficient. In order to identify groupings within the patterns of citation of 
the articles on modularity a factor analysis was performed using the raw co citation data. The 
factor analysis was conducted using the same settings as described in section 2.1.2.5 and 
scree plot with eigenvalues of extracted components can be found in appendix 4. 
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Figure 6 show how an undirected network graph based on the co-citations from articles within 
the literature on modularity. Groups identified in the factor analysis are circled with headings 
based on the examination of the individual references. The groupings reveal that the dominant 
theoretical perspectives on which the modularity literature draw are the transaction costs 
(Williamson, 1985; Coase, 1937; Jacobides & Winter, 2005), the resource based view 
(Penrose, 1959; Barney 1991; Wernerfelt, 1984), dynamic capabilities (Eisenhardt & Martin, 
2000; Teece et al., 1997; Leonard-Barton, 1992), organization studies (Thompson, 1967; 
March & Simon, 1958; Chandler 1962; Levinthal, 1997) and technological change 
(Christensen & Rosenbloom, 1995; Tushman & Anderson, 1986; Henderson & Clark, 1990; 
Nelson & Winter, 1982).  
2.1.10 Findings from the literature review on modularity 
There has traditionally been a focus on modularity in relation to products but there is growing 
attention to the organizational aspects of modularity. Furthermore, although only relatively 
few studies have been on modularity in services (29) and processes (42) or both (8) there is a 
growing attention to the study of modularity in service contexts. Section 2.3 elaborates further 
on this literature. However as discussed above much of the literature on modularity have 
studied modularity from a structural perspective, in order to analyze the effects of modularity 
by comparing modular and non-modular alternatives. At the industry level there has been a 
growing attention to the longitudinal effects of changes to i.e. product architecture on industry 
structure. This links to the organizational economic literature and the notion of coordination 
as modularity is argued to provide an implicit coordination thus enabling market transactions. 
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Figure 7 Propositions identified in the literature on modularity 
 
Source: Identified through literature review on modularity 
Traditionally the literature on modularity has pointed to the link between product architecture 
and organizational architecture suggesting that modular products lead to modular 
organizations (Sanchez & Mahoney, 1996) in which distributed design teams provide 
flexibility in the development of new products. However recent empirical studies have shown 
that this is not necessarily the case (Brusoni & Prencipe, 2001, Brusoni et al., 2007; Brusoni 
& Prencipe, 2006; Miozzo & Grimshaw, 2005; Zirpoli & Becker, 2011) as product and 
organizational architecture follow different dynamics. To the context of service modularity 
this is intriguing as the design of service delivery systems are closely linked to the design of 
organizations. Service provision thus involves not only technical resources but involves 
socio-technical capabilities. To understand the emergence of service modularity and the 
consequences of such structure of service provision it would thus seem to be necessary to 
include organizational perspectives which are attentive to the social aspects of service 
provision. 
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However not much of the literature attends to emergent properties of modularization. Only 
few studies (Garud et al., 2008; Türtscher, 2008) study the process of modularization and how 
modularity is constructed in a socio-technical domain. Instead modularity it treated from a 
technical perspective with the ability to decompose frequently being an assumption rather 
than the object of study. It is thus assumed that interdependencies can be anticipated in 
advance, and that a modular architecture can therefore be designed. If interfaces cannot be 
fully specified in advance and the design rules of the architecture are subsequently found to 
be imperfect, this challenges the embedded coordination assumed which is often expected to 
be a consequence of modular architectures. Instead it raises the question of how management 
deals with situations in which they expect or experience problematic interfaces to occur. This 
intriguing question has not received much attention in the literature on modularity but based 
on empirical observations appear to be important to answer in order to understand the role of 
modularity in the context of services. 
In their important paper on the economies of substitution, Garud and Kumaraswamy (1995) 
clearly identify some of the complexities of designing for reuse. Within the firm they point to 
the tension between competition and cooperation when different projects compete for scarce 
resources in an environment where reuse of components is sought. One of the tensions is 
between the intention to design for future usability and current performance as project 
members may have an incentive to pursue solutions which realize the highest performance of 
their particular project design at the expense of designing components with a potential for 
application in different contexts or exerting the efforts needed to identify and incorporate 
existing components into their designs. As they point out:  
“Within the firm, for instance, competition for a limited pool of resources between individuals 
creates incentives for increasing current performance even at the expense of future 
performance. Contributions to current performance provide instant recognition and rewards, 
whereas contributions to future performance (through the design of reusable components) 
may yield little recognition or rewards. Moreover, creators of reusable components may have 
to face an additional burden when problems arise with their reusable component…. Clearly, 
cooperation is required to create and reuse such components. Firms need to balance the 
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tension between cooperation and competition by instituting appropriate systems, structures, 
and incentives to encourage the creation of reusable components” (Garud & Kumaraswamy, 
1995, p. 104, emphasis added)  
They thus clearly point to the important role systems, structures and incentives, play in the 
creation of reusable components. However, although the literature on modularity has grown 
significantly as evident from section 2.1.8, only sparse attention has been paid to investigating 
this further. Instead much of the literature on modularity tends to assume that the architecture 
itself provides the means to achieve the needed cooperation through embedding coordination 
within standardized interfaces. However as Garud and Kumaraswamy clearly indicate, 
institutional arrangements, controls and incentives may be crucial elements in making the 
architecture work and actually achieving reusability and economies of substitution. Moreover 
recent empirical studies particularly in the domain of services have indicated that the 
assumption of a priori identification of interdependencies and specification of interfaces 
provides significant challenges to managers and designers. Anticipation of interdependencies 
is frequently imperfect and important interdependencies often only reveal themselves late in 
the process of design (Staudenmayer et al., 2005; Zirpoli & Becker, 2011; Miozzo & 
Grimshaw, 2005; Türtscher, 2008). Staudenmayer et al. (2005), thus suggest how 
interdependencies can have an emergent nature when it is beyond the capabilities of the 
individuals to conceive them in advance. They suggest that we should pay attention to the 
relative importance of ex ante identification of interdependencies and the ex post management 
of these as they pop up unexpectedly. Through their case studies they show how management 
indeed did pay significant attention to managing unexpected interdependencies. Zirpoli & 
Becker (2011) distinguish between the product architecture and its performance, arguing that 
a decomposed product architecture in which physical interfaces between components and 
subsystems are standardized does not necessarily imply a similarly decomposability in 
performance. They thus caution against unquestioned outsourcing of component development 
activities as a consequence of modular product architecture, as this can erode the 
competencies needed for system integration and thus undermine the innovative capabilities of 
the firm. 
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While the literature suggests that modularity in principle provides a powerful vehicle for 
managing complexity and adapting to uncertainty the realization of modularization in practice 
also seem to present a complex design challenge which produces uncertainties of its own. 
From the management accounting literature we know that managers construct and use control 
devices to align interests and provide coordination (Malmi & Brown, 2008; Merchant & Van 
de Stede, 2007; Ferreira & Otley, 2009). Such practices are not only utilized in stabile 
environments but also in the face of complexity and uncertainty such as in new product 
development (Davila et al., 2009; Davila, 2000; Abernethy & Brownell, 1997). It is curious 
that the literature on modularity only sparsely touches upon how mechanisms of control and 
coordination relate to modularization as it might be expected that such an exploration would 
provide a more dynamic account of the management of modularity. While the knowledge of 
management control has grown within the management accounting literature (Malmi & 
Brown, 2008; Chenhall, 2003; Merchant & Van der Stede, 2007; Ferreira & Otley, 2009) only 
very few studies related the investigation of modularity to management accounting and 
control practices.  
Thyssen et al. suggested how Activity Based Costing might provide a way to evaluate the cost 
effect of modularization through the use of accounting calculations. However they caution 
that the R&D cost of developing common modules are difficult to allocate appropriately in an 
ABC calculation due to its nature as an investment. Furthermore they point to the cost 
relationship between different products and product families utilizing common modules imply 
that the costs for sustaining such common modules will be placed high in the cost hierarchy, 
and hence difficult to allocate to the individual product line (Thyssen et al., 2006). Israelsen 
& Jørgensen (2011) extend the use of ABC in the costing of modular products to the context 
of new product development. They show how cost allocation in project accounting practices 
are detrimental to modularization efforts if they do not take into account how the 
development and use of common modules contribute to the profit of individual projects. 
Consequently they suggest a method for allocating development cost of common modules to 
ensure that the decision to use of common modules by the individual project is aligned with 
portfolio level performance.   
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Extending the study to include other aspects of management control Jørgensen & Messner 
(2010) based on an in depth case study of NPD projects show how accounting and 
strategizing impacted each other in a transition from integral to modular product architectures. 
Using a practice theory lens they demonstrate how a range of different management control 
devices were used in the process of translating a strategic imperative for modularity into 
actual decisions regarding components and modules at the project level. Their study reveals 
how accounting calculations although unable to create a unified version of the results of 
modularization were enacted to add to the evaluations taking place in the practicing of 
strategy. Furthermore they reveal how a number of other control mechanisms were essential 
elements of practice in the process of attempting to create modularization of the products, to 
avoid the practices to ‘drifting’ as they point out: “This case shows that even in the absence of 
a strong reliance on accounting numbers, a ‘‘drifting” of practices (Quattrone & Hopper, 
2001) can be avoided because other forms of accountability are mobilized to ensure a 
coordination of NPD practices. In our case, control assumed the form of horizontal 
information sharing, guided by strategic objectives and a general understanding of the need to 
be profitable” Jørgensen & Messner (2010, p. 202). This indirect effect of accounting and 
management control significantly adds to our understanding of the process of modularization 
in the face of uncertainties of interrelationships and outcomes of decisions at the project level. 
The findings of Jørgensen and Messner seem to echo the importance suggested by Garud and 
Kumaraswamy (1995, p. 104) of “instituting appropriate systems, structures, and incentives” 
in attempts to design for reusability but importantly it brings to the forefront the suggestion 
that understanding how managers mobilize elements of management accounting and control 
in their practices of managing is important to gain a dynamic understanding of modularity as 
part of management practice. Within the area of service modularity such a dynamic account 
seem no less relevant due to the difficulties of specifying interdependencies and the intangible 
nature of interfaces. Curiously however research providing such an account seem to be 
perhaps even less prevalent in the area of services.  
The next section will provide a discussion of service engineering and the management of 
services. The intention of this section is to provide the basis for discussing modularity of 
service processes in section 2.3. 
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2.2 Managing service operations  
The aim of this section is to provide an introduction to the challenges of managing services. 
This section will draw on literature from service operations management and the growing 
field of service engineering and service science. Although management of service operations 
has been on the academic agenda for several decades (Chase 1978, Sasser et al. 1978) it is 
increasingly being recognized as an important field of inquiry of researchers in operations 
management (Roth and Menor 2003, Apte et al. 2008). This is not least due to the fact that the 
service industries are growing in relative importance within western economies (OECD, 
2010). Services industries are recognized as increasingly important within the global 
economy and service companies have been subject to intensified academic investigation.  
While the statistical evidence suggests a growing importance of services relative to 
agriculture and manufacturing, Castells point to the profound changes to society which are 
taking place as a consequence of advances in information and communication technology. In 
his treatment of the consequences of these changes on work and organizations he points out 
how they are resulting in the fragmentation and individualization of elements of work. “The 
new social and economic organization which is based on information technology, aims to 
decentralize management, individualize work and tailor the markets and thereby segmenting 
work and fragmenting societies. The new information technologies simultaneously offer the 
possibility of decentralizing tasks and coordinating them in an interactive communication 
network in real time, whether it's from continent to continent or from floor to floor in the 
same building” (Castels, 2010, p. 282, emphasis in original).  
Castells views on the network society thus points to some of the opportunities suggested by 
new information technologies as well as the associated managerial challenges for service 
organizations. Technologies offer new possibilities but at the same time require managerial 
competences to design and manage such a decentralized network of tasks. Such competencies 
could potentially be of value to service companies engaged in designing process architectures  
In a report to the European Union addressing the challenges of globalization Richard Baldwin 
points to a similar fragmentation in what he denotes ‘the great unbundling(s)’. Baldwin thus 
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point to the change from an old paradigm of the first unbundling in which competition took 
place between factories trading in goods and services, to a new paradigm in which “the forces 
of globalization will achieve a far finer resolution; it predicts that international competition 
will increasingly play itself out at the level of tasks within firms” (Baldwin, 2006, p. 28). 
 
Figure 8 Schematic representation of the two great unbundlings 
 
Source: Adapted from Baldwin, 2006, p. 25 
This change in paradigm has implications for the conceptualization of competitiveness on a 
societal level, but it also challenges the architectural capabilities of firms and their ability to 
design service processes that possess desired levels of modularity.  
Within operations management the importance of services organizations has been recognized 
and the traditional context of manufacturing has been broadened to include service operations 
management (Hill et al., 2002; Chase & Apte, 2007). In this regard it has been debated 
whether and to what extent concepts and methodologies originating from product contexts 
can meaningfully be applied to services. Some authors have pointed to the many similarities 
between products and services with regard to operations arguing for high applicability 
(Arbos, 2002) whereas others have pointed to critical differences highlighting the effect of 
context on service operations management characteristics. As part of this interest there has 
been an academic debate on arriving at an accepted and comprehensive definition of services 
and the identification of managerial implications following from this together with 
classification schemes to capture types of service configurations and their appropriateness. 
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2.2.1 Defining services 
Services are frequently defined on the basis of what they are not rather than what they are, as 
the label service has been used as a residual category in industry classifications to capture 
anything which that is not agriculture or manufacturing. Such a distinction is increasingly 
invalidated and fails to capture the essential aspects of services. Within the marketing and 
operations management literature other attempts at defining services have traditionally 
focused on identifying characteristic features of services. Schmenner points to five 
characteristics which are shared by many services are their intangibility, the inability to keep 
services on inventory, that service production and consumption occur physically together, that 
there is an easy entry and that they are affected by outside influences such as deregulation 
(Schmenner, 1995). Fitzsimmons and Fitzsimmons (2008) notes that the distinction between 
goods and services is blurred as most goods are accompanied by facilitating services such as 
installation and deferred payment and that many services include facilitating goods such as 
the food enjoyed at a restaurant. However they point out that for services inputs can either be 
the customer or their information, while resources are employees, capital and the facilitating 
goods. This implies that a distinctive characteristic of services is the participation of the 
customer in the process which presents managers with the challenge of designing facilities 
with the customer in mind. Furthermore this aspect of services induces much variety into the 
service process.  
Throughout the literature particular attention has been on the intangibility, heterogeneity, 
inseparability and perishability of services (Lovelock & Gummesson 2004); however the 
ability of these to capture the essence of services has recently been challenged (Sampson & 
Frohle, 2006; Lovelock & Gummesson, 2004; Vargo & Lusch, 2004; Gadrey, 2002; Hill, 
1999). In characterizing the economic distinction between goods and services Hill points out 
that it is not intangible or immaterial features which gives services their defining character. 
Instead he suggests that a key distinction is related to the ability to establish ownership rights: 
“because it is not an entity, it is not possible to establish ownership rights over a service and 
hence to transfer ownership from one economic unit to another. In contrast to goods, 
therefore, services cannot be traded independently of their production and consumption” 
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(Hill, 1999, p. 442). Following from this Hill reaches the following definition of a service 
which acknowledges that service is something provided by one agent to the benefit of another 
as “it is some change in the condition of one economic unit produced by the activity of 
another unit” (Hill, 1999, p. 441) 
Johnston and Clark present a more customer focused definition of services as “the 
combination of outcomes and experiences delivered to and received by a customer” (Johnston 
& Clark, 2008, p. 10). This definition captures the distinction in ‘the change of condition’ 
between outcome and experience which they show to have important operational 
implications. It is the combination that constitutes the service product/package and the 
difficulty of separating outcome and experience provides a particular challenge for service 
managers. It is usually possible to distinguish the good from the experience of using the good, 
while this is frequently not possible with services. Experiences are thus commonly more 
heterogeneous and are based on the individual’s perception of the service provided which can 
be profoundly difficult for service managers to capture and manage. 
In a critical examination of the characteristics often attributed to services Gadrey claim that 
neither of them captures the essential aspects of services. The output of many non-
manufacturing activities do result in tangible and material changes to the matter being 
transformed whether the matter is an individual undergoing healthcare treatment or a repaired 
vehicle (Gadrey, 2000). Likewise immaterial goods exist in the form of originals10, such as 
the case of literature, music and films which through the use of media can be used subsequent 
to their production. With regard to the non-storable and non-transportable nature of service 
Gadrey point out that again the output of the service act is frequently as much storable and 
transportable as is the case in manufacturing, while the acts of production themselves 
however are not storable or transportable. However as this is the case in services as well as in 
manufacturing, storability and transportability is not an appropriate criterion for defining 
services: “The outcome of one hundred (successful) heart transplants is made up of an 
observable ‘stock’ of one hundred individuals with transplanted hearts or, if we prefer, a 
                                              
10 As Hill describes “An original is the archetypal immaterial good. It is a good because it is an entity over which 
ownership rights can be established and which is of economic value to its owner. It is also intangible because it has no 
physical dimensions or co-ordinates in space” (Hill, 1999, 440, emphasis in original) 
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lasting change of state in those individuals’ ‘health capital’. Manufacturing firms do not store 
acts of labour either, only their ultimate effects on the processed material. It is not clear why 
this analytical principle should not be applied to services” (Gadrey, 2000, p. 374). 
Based on Hill’s definition Gadrey thus suggest a new definition of services which take into 
account the existence of three different demand rationales: “Any purchase of services by an 
economic agent B (whether an individual or organization) would, therefore, be the purchase 
from organization A of the right to use, generally for a specified period, a technical or human 
capacity owned or controlled by A in order to produce useful effects on agent B or on goods 
C owned by agent B or for which he or she is responsible” (Gadrey, 2000, p. 383). With this 
definition of services Gadrey claim to capture three distinct service logics. Firstly the logic of 
assistance involves the request by the customer of intervention by the service provider to 
assist in serving the customer. The second logic involves the provision of technical capacities 
by the service provider to the disposal of the customer while the third logic is that of live 
performances.  
2.2.2 The challenges of designing and managing service operations 
The difficulties of defining services precisely within the literature notwithstanding a number 
of managerial challenges frequently face service organizations. As noted by Morris and 
Johnston (1987), the customer within the process creating an inherent variability not present 
in manufacturing processes in which the customer only receives the output from the process. 
This characteristic can take the form of customer presence where it is essentially the customer 
being processed to situations in which it is information that is being processed. Sampson and 
Frohle (2006) argue that customer input into the delivery process is the defining characteristic 
of services and that this has major managerial implications. An important facet of the nature 
of service is thus the simultaneous production and consumption, implying reduced 
opportunities to manage variability through inventories. Consequently the service delivery 
process plays a fundamental role in new service development as the implied variability must 
either be reduced or accommodated by the service process design.  
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As pointed out by Buzacott (2000) “The service design problem is to develop a system that 
enables customer’s demand to be met in an effective way” (Buzacott 2000, p. 17). As he 
points out, it follows from this that service managers are facing the design of complex 
production systems which are capable of handling the variability facing the system. Although 
there are arguable many characteristics specific to service it seems that the challenge of 
variability and heterogeneity is no less in the context of services. Quite to the contrary the 
requirements for developing system structures which can accommodate variability and 
heterogeneity caused by customer inputs (Sampson and Frohle 2006) and customer presence 
within the service production process (Morris and Johnston 1987) suggest presenting crucial 
challenges to service process designers. The combination of higher variety in customer 
demand and reduced opportunities for using inventories imply that the management of 
capacity and demand is often essential in service companies (Sampson & Frohle, 2006).  
Normann points out that at the core of the service economy is “the coordination and timing of 
complex activities between different entities” (Normann, 1991, p. 26). Aligning the numerous 
entities in time and space to meet the requirements of the individual customer thus present 
management with a massive coordination challenge. This is reinforced by services often 
being susceptible to positive and negative circles of effects which can undermine the quality 
of the service provision (Normann, 1991). Recent research shows that for a number of reasons 
service systems are very susceptible to variations and can exhibit major amplifying behavior 
(Akkermans & Vos, 2003) and result in quality erosion (Oliva & Stermann, 2001). Anderson 
et al. (2005) point to the importance of understanding the dynamics of service supply chains 
and furthermore caution against hasty transfer of conventional operations management 
wisdom from manufacturing to service contexts.  
2.2.3 Classification of services 
Within the literature on service management various classification schemes have been 
proposed to distinguish and conceptualize service systems according to their characteristics 
(Silvestro et al., 1992). Such classifications have enabled the comparison of different service 
systems as well as analysis of the appropriateness of designs of service delivery systems. 
Similarly the challenge of new service development has recently received much attention 
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(Droege et al., 2009; Meyer and DeTore, 2001). Developing and managing services and 
service delivery processes pose challenges for management identifying appropriate structural 
compositions to handle the service process demand.  
From an operational perspective Lovelock and Wright (1999) categorize service processes by 
distinguishing between tangible or intangible service acts and whether the object being 
transformed is people or possessions. This classification involves fundamentally different 
kinds of processes and thus requirements for the process design. This thesis is concerned with 
the development of modularity in service process design within the financial services, and 
specifically in the context of information processing. Information and Communication 
Technology (ITC) thus plays a large role in the development of business process architecture, 
as a major service quality parameter is the correct handling of individual pieces of 
information. However technology can play different roles in the service encounter ranging 
from technology free to technology generated (Fitzsimmons and Fitzsimmons, 2008). In the 
specific case, the service encounter is mainly technology-mediated and major efforts are 
made to increase the opportunities for self service through technology-generated service 
encounters. 
2.2.4 Performance criteria of service operations 
A crucial aspect of the operations management literature is the existence of a multitude of 
different performance criteria along which the organization can perform. The incongruence 
between multiple performance criteria however suggest that trade-offs need to be made 
between performance criteria. Within operations management Slack et al. (2010) suggest five 
performance criteria towards which management should orient their efforts. Quality, speed, 
dependability, flexibility and cost are thus suggested to be import criteria on which to decide 
how well the organization should perform to align operations and strategic objectives.  
Modularity is crucially linked to the criteria of flexibility, however various definitions of 
flexibility can be found in the management literature. Slack and Lewis explore flexibility as 
one among five generic performance objectives and in so doing explicate the meaning of each 
of these objectives. They note that flexibility has two meanings, on the one hand referring to 
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the ability of something to be bent between possible states and on the other hand the ease with 
which the move from one state to the other can be accomplished. These two characteristics 
are defined as range and response flexibility and they further point to four distinct types of 
operations flexibility (Slack and Lewis, 2008).  
Table 4 Typology of flexibility 
Total operations flexibility Range flexibility Response flexibility 
Product/service flexibility: 
The ability to introduce and produce 
novel products or services or to 
modify existing ones 
The range of products and services 
which the company has the design, 
purchasing and operations capability 
to produce 
The time necessary to develop or 
modify the products or services and 
processes which produce them to the 
point where regular production can 
start 
Mix flexibility: 
The ability to change the variety of 
products or services being produced 
by the operation within a given time 
period 
The range of products and services 
which the company produces within a 
given time period 
The time necessary to adjust the mix 
of products and services being 
produced 
Volume flexibility: 
The ability to change the level of the 
operations aggregated output 
The absolute level of aggregated 
output which the company can 
achieve for a given product or service 
mix 
The time taken to change the 
aggregated level of output 
Delivery flexibility: 
The ability to change planned or 
assumed delivery dates 
The extent to which delivery dates 
can be brought forward 
The time taken to reorganize the 
operation so as to re-plan for the new 
delivery date 
Source: (Slack and Lewis, 2008) 
According to Upton “flexibility is the ability to change or react with little penalty in time, 
effort, cost or performance” (Upton, 1994) reflecting the multifarious nature of the notion of 
flexibility. His definition captures the distinction between range and time understood as the 
scope of variability and the responsiveness of that variability. Furthermore his definition 
captures the dual sides of flexibility of reaction to environmental requirement for adaption as 
opposed to proactive change instituting adaption of the environment.  
As indicated above variety is a critical element of services where both the heterogeneity of 
customer requirements and the simultaneity of production and consumption imply a need for 
service providers to respond flexibly. Within healthcare services Jack and Powers (2004) 
have considered a range of strategies to address volume flexibility and suggest a framework 
depending on demand uncertainty and range of flexibility.  
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As suggested by Arbos (2002) an important element in achieving flexibility is the use of 
personnel which are able to perform various processes and are able to be re-assigned based on 
the current tact time of the service system. In a similarly effort Sheu et al. (2003) model the 
effect of service process design on customer waiting time and find that flexibility can be 
gained by utilizing different process designs depending on the current demand for service. 
Much of the literature on modularity has focused on the ability to create heterogeneity in the 
products and services while maintain simplicity in operations processes. However it would 
seem that the challenge of variety of demand in service processes would suggest modularity 
as an important element in creating the necessary flexibility to match capacity and demand in 
services. 
2.2.5 Service Process Architecture 
The word ‘Process’ originates from the Latin word ‘processus’ meaning advance or progress. 
Central to the understanding of processes are hence the transformation from one state to 
another in a way that advances the object being transformed. However processes can be 
viewed in several ways and consequently leading to different definitions. The service process 
architecture discussed in this paper refers to a conceptualization similar to what Garvin 
(1998) terms ‘work processes’, thus defining processes as “the transformation of inputs into 
outputs through some sequencing of activities”. According to Smart et al. (2009, p. 495) “a 
process architecture is constructed as a means for understanding the organization from a 
business process perspective.” Much has been written about the management of business 
processes, which by some is considered as just another management concept not worthy of 
serious attention. However they contend that, “processes are not simply the management fad 
of reengineering, but a more pervasive issue, requiring serious attention.” According to 
Batista et al. (2008), “The architecture of process actually refers to the processes that together 
form the organizational activity and the dynamic relationships between those processes”. This 
view of processes allows for mapping the elements of the architecture and thus 
conceptualizing the service process architecture at various levels of granularity and the 
application of principles from systems theory (Batista et al. 2008, p. 540).  
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One consequence of these characteristics of service as well as the fact that services systems 
are open systems is that service processes are often not long sequences of standardized 
activities, but rather mobilizations of processes in service encounters (Lilrank 2010). Lilrank 
thus suggest that service processes can be understood as events in which process steps are 
instantiated as episodes in the encounter with the customer. 
Figure 9 Service processes as events 
 
Source: Lilrank (2010, p. 354) 
With service processes as events the ability to connect episodes and transfer the correct 
information and material from episode to episode become crucial. This puts emphasis on the 
interfaces between episodes within the process and as such highlight that achieving 
modularity through standardization of these interfaces would seem be critically important. 
However the fact that episodes can be connected in multiple ways depending on the 
individual customer highlight the difficulties of achieving such standardization. Lilrank thus 
points to the fact that some service processes are best understood as mobilizations in service 
events rather than pre-specified sequences of process.  
In a similar vein Callon et al. (2002) elaborate on the mobilization of what they denote a 
socio-technical capacity which “consist in human competencies and material devices that 
have been designed and arranged in a way in which they can be mobilized in order to achieve 
desired results” this mobilization is tightly linked to the nature of services as “Service 
provision consists in the effects produced by the mobilization and reasoned use of this socio-
technical capacity” (Callon et al., 2002, p. 208-9) 
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Rather than seeing service provision as a purely technical matter “service provision, by 
allowing consumers to use this socio-technical capacity, organizes a system of action in 
which consumers participate personally in order to benefit from that use. In the course of the 
interaction thus constructed, they become elements in this system of action. They act, react 
and, most importantly, interact, thus gradually constructing and clarifying their preferences” 
(Callon et al., 2002, p. 209). It is this interaction that enables and places greater importance 
on the role of qualification of services as “What is important in the service business is the 
relationship or, rather, system of relationships which, on a material and collective basis, 
organizes the qualification of products” (Callon et al., 2002, p. 210). 
Within manufacturing modularity of production processes and product design has been 
suggested as a way to attenuate the tradeoff between variety in demand and operational 
performance (Starr, 1965, Salvador et al. 2005). Modularity should thus be investigated 
rigorously by service management academics in order to extend our knowledge on how the 
nature of services affects the application of principles of modularity. This is of major 
relevance to the literature as well as service management practitioners. One important 
question is whether and how typologies and methodologies originating in product contexts 
can be applied in service contexts. Voss and Hsuan (2009) discuss and illustrate how services 
can be conceptualized through the notion of architectures originating in the literature on 
product architecture and modularity. Chapter 5 of this thesis empirically investigates service 
modularity function in the context of service processes to measure the structural composition 
of service process architectures. 
Developments in information and communication technology has allowed for the design of 
increasingly more modular structures (Sahaym, Steensma & Schilling 2007). Modularity in 
process and information infrastructures thus potentially allow for fast and inexpensive 
recombination of process modules which would be necessary to benefit from designing 
multiple instances of the same process.  
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2.3 Modularity of services and processes 
From screening of the articles identified through the literature search 29 articles were 
identified which were relating their discussion of modularity to services. Of these 6 were 
conceptual and building theories or frameworks while 19 were empirical using primarily case 
research methods and to a lesser extend surveys and statistical modeling. Finally 3 articles are 
reviews of which one touches upon services (Fixson, 2007) while two are explicitly 
concerned with services and to some extent modularity (Spring & Araujo, 2009; Chen & Hao, 
2010). Industry-wise there is a predominant focus on modularity in relation to outsourcing of 
computer services (Upton & McAfee, 2000; Miozzo & Grimshaw, 2005; Lehrer & Behnam, 
2009; Burzagli et al., 2009; Weiss & Gangadharan, 2010; Tiwana, 2008a, 2008b; Susarla et 
al., 2010) while other services are present as well including finance (Grote & Taube, 2007; 
Buganza & Verganti, 2006), health care (de Blok et al., 2010), contract research (Konnola et 
al., 2009) and logistics (Moore et al., 1996). Table 5 shows an overview of these articles 
including their research type and method as well as industry context. 
In a case study Rai et al. (2010) show how two companies transitioned to a modular 
Enterprise architecture. Likewise Pan et al. (2007) use case research to conceptualize how 
modularity of organizational routines can be achieved during the capability development 
process and is linked to the development of dynamic capabilities. Burzagli et al. (2009) 
Explores how a modular platform makes it possible to build services of various types. Susarla 
et al. (2010) conduct a case study of large Taiwan call center and inductively develop a 
process model of modularization. Through the use of survey data from software-as-a-service 
(SaaS) contracts they study the relationship between modularity of SaaS and multi-task 
agency problems caused by lack of verifiability of tasks between the provider and client 
organization. They find that the multi-task problem is present when the service provided is 
complex business analytics suggesting using low powered incentives. However they also find 
that introducing modularity of the interfaces reduces the multi-task problem and allow the use 
of higher powered incentives (Susarla et al. 2010). 
Tiwana (2008b) develops and tests the assertion that technological modularity reduces the 
need for alliance control and finds that modularity and control are imperfect substitutes as 
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modularity lowers the influence of process control but not of outcome control on alliance 
performance. Through a case study Lehrer & Behnam (2009) traces the development of the 
SAP R/2 and R3 ERP suites to identify how SAP addressed the standardization-adaption 
dilemma to develop a product in which modularity was introduced to handle the growing 
complexity from programmability of the product. Based on a case study conducted in a 
contract research organization Könnölä et al. (2009) present a framework for classifying 
foresight activities. Based on their study they find that modularity of foresight methods helps 
the company to tailor the processes to the conditions of the individual project. In a conceptual 
paper based on industry cases from open source software Langlois & Garzarelli (2008) 
propose that the understanding of the economic organization of open source collaboration can 
benefit from the principles of the modularity theory of the firm. They suggest that open 
source collaboration is a hybrid form of organization with an intellectual division of labor 
where effort is undertaken on a voluntary basis. 
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2.3.1 Service Oriented Architecture 
Within information systems development the notion of Service Oriented Architecture has 
received attention from academics and practitioners and has been suggested as a paradigm for 
creating flexible information system architectures (Demirkan et al. 2008). Tiwana & 
Konsynski (2010) use survey data to empirically test the relationship between IT architecture 
modularity, IT governance and IT agility and how they influence IT alignment. They claim 
that increasing modularity increases IT alignment through increased IT agility. Interestingly 
they find that to achieve agility at a higher level of the architecture requires the enforcement 
of standardization at lower levels through modularity, which implies less autonomy for line 
functions over IT decisions.  
The reuse of software components is a question which have been on the research agenda for 
many years (Krueger 1992) since its introduction by McIlroy (1968). However recently the 
developments of standardized interfaces such as web services the attention toward software 
reuse have grown and are increasingly enabling the reuse of externally developed information 
system artifacts within organizations (von Krogh & Haefliger, 2011). Weiss and Gangadharan 
(2010) thus use publically available data on which they conduct network analysis to study the 
development of mashup applications from the modularity of open application programming 
interfaces (APIs). 
The OASIS group describes Service Oriented Architecture this way: “SOA is a means of 
organizing solutions that promotes reuse, growth and interoperability. It is not itself a solution 
to domain problems but rather an organizing and delivery paradigm that enables one to get 
more value from use both of capabilities which are locally “owned” and those under the 
control of others. It also enables one to express solutions in a way that makes it easier to 
modify or evolve the identified solution or to try alternate solutions” (OASIS, 2006)11. The 
OASIS definition of Service Oriented Architecture clearly indicates that it is closely related to 
the principles of modularity. The focus on interoperability is in line with the standardization 
of interfaces to allow modules to easily connect to arrive at new configurations. Furthermore 
                                              
11 http://docs.oasis-open.org/soa-rm/v1.0/soa-rm.pdf 
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the intention to reuse is as discussed in chapter 2 among the primary drivers in maintaining 
efficiency while realizing greater heterogeneity. 
Within the service engineering literature the notion of SOA has received growing attention 
and Cases recently described Service Oriented Architecture in this way “SOA provides a 
loose coupling of interoperable IT services that enable applications to exchange data in the 
execution of business processes. It is based on older concepts of modularity and distributed 
computing” (Cases et al., 2010, p. 111). Cases explicitly link service oriented architecture 
with modularity, what is new is that ICT is increasingly enabling this to take place through 
new developments in technology. The expansion of the internet and the development of 
standardized communication protocols such as XML allow “SOA separates functions into 
components of services, which are made accessible over a network so that they can be 
combined and reused in the production of business applications” (Cases et al., 2010, p. 112). 
While technology clearly plays a role in this, such an ability to combine and reuse must have 
massive business implications for the opportunities of service companies. 
2.3.2 Service interfaces 
As discussed in chapter 2.1 interface standardization forms an essential part of a modular 
architecture, as it is through the definition of standardized interfaces loose coupling of 
components is achieved. However in defining modularity in relation to services the 
characteristics of interfaces turn out to be essential as their conceptualization is different from 
physical products. Merriam Webster defines interfaces broadly as “a surface forming a 
common boundary of two bodies, spaces, or phases”. While the interfaces between 
components in physical products are often visible and material, in services this is not 
necessarily the case. Instead they can take on various forms such as the interpersonal 
encounters between customer and employee, the use of self service facilities, and the flow of 
information between customers, employees and systems. Interfaces in the context of services 
are thus a multifaceted element which adds to the complexity of service design. Furthermore 
in designing service systems it can be difficult to anticipate and specify all potential interfaces 
in advance due to the heterogeneity of customers and the difficulty in predicting their 
behaviors. 
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When considering encounters occurring in services are thus subject to behavioral 
considerations and the fact that the service encounter occurs in a triad between the service 
organization, customer and contact personnel as depicted in figure 9. 
Figure 10 The service encounter triad 
 
Source: Adapted from Cook et al. 2002, p. 160 
The figure points to some of the tradeoffs present in the different interfaces in the service 
encounter such as the tradeoff between efficiency and satisfaction in the interface between the 
service organization and the customer as well as between efficiency and autonomy between 
the organization and its personnel. Finally the interpersonal encounter between contact 
personnel and customer involves deciding on how much control each of these should have on 
the encounter. The fact that interfaces in services involves encounters between humans 
complicates the standardization involved as the behavior is less predictable thus making it 
more difficult to specify the interfaces in advance. 
2.4 Chapter summary 
This chapter has introduced the domain literature to which the thesis seek to contribute. The 
literature on modularity has grown significantly during the past two decades and its focus has 
been extended from predominantly product focused to including manufacturing and service 
processes as well as organization and industries. This can be seen in the light of the growing 
interest in management and engineering of services due to the growing importance of services 
to Western economies. Service industries experience a transition to more fragmented task 
distribution enabled by technologies such as service oriented architecture and open source 
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software. These are clearly related to modularity which makes it particularly interesting to 
investigate in the context of services. However the nature of services as open systems with 
inherent variety call for caution regarding the extent that conventional wisdom from product 
architecture can be uncritically applied. Particularly the assumption that interfaces can be 
specified a priori as well as the question of how management can respond when this is not the 
case raises interest. This is an area with only scarce research.  
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Chapter 3 Theory development 
As described in chapter 2 Modularity has been studied in a number of different ways applying 
different theoretical perspectives. This chapter will present modularity as an economic 
phenomenon which is tightly linked to central questions within organizational economic 
perspectives of the firm. The intention is to establish a conceptualization of coordination 
which will show to be central in the empirical study of modularity. Secondly the chapter will 
introduce a practice lens for studying modularity of service processes. As described in chapter 
2 the development of services frequently present the challenge of designing socio-technical 
capabilities in ongoing organizational processes. However as shown in chapter 2 much of the 
literature on modularity tend to treat it from a technical point of view with little attention to 
how the technology is developed in the recurring practice of situated actors. 
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3.1 Economics of modularity 
Within economic theory Ronald Coase raised a fundamental question in his seminal article 
“The nature of the firm” in asking “…if production is regulated by price movements, 
production could be carried out without any organisation at all, well might we ask, why is 
there any organisation at all?” (Coase, 1937, p. 388). Essentially he questioned established 
assumptions of neoclassic economics and its predominant emphasis on the ability of price 
mechanisms to provide coordination by asking why in the presence of such price mechanisms 
there are firms? From this fundamental question the branch of economics labeled transaction 
cost economics has since pursued this question in the quest to identify the factors influencing 
whether a given transaction is carried out on a market or within a firm (Coase, 1960; 
Williamson, 1979).  
From this perspective the role of management is fundamentally involved in defining the 
boundaries of the firm through establishing governance structures which economize on 
transaction costs since as Williamson argue “economizing is more fundamental than 
strategizing – or, put differently, that economy is the best strategy” (Williamson, 1996, p. 
308). Following Williamson economizing ultimately implies to “align transactions, which 
differ in their attributes, with governance structures, which differ in their costs and 
competencies, in a discriminating (mainly, transaction cost economizing) way” (Williamson, 
1996, p. 311). It follows from this that according to Williamson a fundamental role of 
management is to identify the governance structure which based on the characteristics of the 
transaction reduces the cost of transacting. In relation to the management of processes this 
relates to designing efficient structures for governing the process ranging from vertical 
integration within the firm on the one hand and outsourcing to a market transaction on the 
other. Management must thus decide which elements of the process that should be performed 
within the boundaries of the firm, and which could economically be located outside the 
boundaries of the firm. The attributes according to which the transaction should be aligned 
with governance structure primarily reflect the degree of asset specificity, the frequency and 
the uncertainty of the transaction (Williamson, 1985). In particular asset specificity is given 
prominence as explanatory factor within the theory, and arises when investments are made 
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specific to an individual transaction. This reduces its alternative uses and hence causes its 
value to be dependent on a bilateral relationship between transacting partners (Williamson, 
1985; Williamson, 1975). In combination with the assumption of bounded rationality and the 
risk of opportunistic behavior, asset specificity implies the risk of ex post contractual hazards 
and hence transaction costs. 
Extending Williamsons notion of transaction attributes Milgrom & Roberts describe how 
transactions can be connected in important ways. They thus claim that most companies are 
not engaging in just one kind of transactions using one kind of asset, but rather engage in a 
multiplicity of transactions. Consequently the connectedness of transactions defined as “the 
expected loss incurred from failing to coordinate a particular group of decisions” can thus in 
certain circumstances be more important to manage than merely aligning governance 
structures to the individual transaction.  Connectedness of transactions is further related to the 
concept of complementarity, which is central to understanding the relationship between 
individual design parameters. In some situations design can effectively be the choice between 
sets of complementary design parameters. Complementarity between design parameters is 
hence important to consider in the choice of strategy and structure (Milgrom & Roberts, 
1992; Foss, 2005). Non convexity in the profit function can thus result in the choice between 
design parameters essentially being a choice between sets of complementary parameters in 
which it is risky to choose a combination in between (Milgrom & Roberts, 1990). As example 
Milgrom & Roberts suggest how it can have a negative impact on profitability to invest in 
flexible manufacturing technologies while simultaneously maintaining a narrow product line 
emphasizing mass production (Milgrom & Roberts, 1995). 
As described above, it is the connection between modular elements that defines modular 
structures. Transaction cost economics can hence contribute to understanding the 
consequences of the loose coupling of modular elements for management and control and the 
requirements to information for decision making (Roberts, 2007). In addition the difficulties 
of measurement of performance of different modules can have consequences for the division 
of work between agents and the possible incentive structures (Holmstrom & Milgrom, 1991). 
These issues furthermore relate to concepts such as uncertainty, complexity, measurability 
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and frequency which also will constitute a point of reference in the analysis of process 
modularity (Milgrom & Roberts, 1992).  
The analysis of how the characteristics of transactions affect the execution and governance of 
transactions can be used to understand a number of central problems in relation to processes 
and modularity (Langlois, 2006). Through an understanding of how the elements of design 
affect the cost of the individual transaction the theory is thus capable of enlightening a 
number of economic problems. This question is important in relation to modularity as the 
lower cost of transaction between modules is among the most significant arguments for 
modularity as a design concept (Baldwin, 2008; Langlois, 2006). Furthermore the theory can 
illuminate a number of problems regarding the organizations of transactions in organizations, 
i.e. how the choice of design parameters for the specific process affects intra- and inter-
organizational issues of governance (Milgrom & Roberts, 1992). 
In relation to process modularity the traditional view of the TCE perspective thus suggest 
several implications for the role of management. Firstly designing and managing processes 
involve deciding on the governance structure that best align with the characteristics of the 
transactions taking place in the process. Essentially this involves deciding which parts of the 
process to locate within the organization and which to outsource. However the use of 
modularity as a design principle has profound implications on the attributes of the 
transactions themselves. Standardizing the interfaces between modules thus arguably reduces 
their interdependencies which could potentially affect asset specificity since engaging in 
transactions in which the product or service produced must conform to standard formats both 
reduce the cost of customization and the risk of relation specific lock-in. The TCE perspective 
however has traditionally not sought to explain the origin of transactions or as Baldwin point 
out, theories on transactions “almost never ask why the opportunity to have a transaction 
occurs where it does. As a result, the forces driving the location of transactions in a system of 
production remain largely unexplored” (Baldwin, 2008, p. 156). For this change of 
explanation, Baldwin claims that it is necessary to include a focus on what she labels 
mundane transaction costs as “Transactions are designed to match their locations. In a given 
location, the objects being transacted must be defined and counted (or otherwise measured), 
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and the purchaser must compensate the supplier. Thus, work goes into making the 
transaction. I call the costs of this work mundane transaction costs to distinguish them from 
the opportunistic transaction costs that are the focus of analysis by Williamson” (Baldwin, 
2008, p. 156). This has major implications for the analysis of transactions, as expenditures on 
the mundane transaction costs can offset the negative transaction costs of opportunism 
(Baldwin, 2008).  
Furthermore, as Baldwin point out, transactions are not given a priori but are themselves 
amendable to change. Specifically the process of modularization affects the thickness of 
crossing points and hence the location of transactions. This all imply the importance of 
introducing the notion of change into the analysis of transactions: “These new module 
boundaries provide points of entry for competitors and breakpoints, where vertically 
integrated firms and industries may split apart. Therefore, transaction locations are not 
technologically determined, but arise through the interplay of firms’ strategies and 
knowledge and the requirements of specific technologies. Strategies, knowledge, and 
technologies all change over time, hence the location of transactions changes as well” 
(Baldwin, 2008, p. 156).  
Langlois pose similar concerns in relation to treatment of the origin and nature of transactions 
and transaction costs within ‘mainstream economics of organization’12.  “Where exactly do 
the [institutional] alternatives come from? More subtly: what exactly are these things called 
‘transactions’, and where do they come from?” (Langlois, 2006, p. 1394). In conclusion 
Langlois claim that: “The perspective from modularity I advocate here has the benefit of 
returning our focus to the process of organizational change” (Langlois, 2006, p. 1405, 
emphasis in original). Thus examining the process of modularization appears to be one way to 
introduce a notion of dynamism into the study of the evolution and location of transactions. 
                                              
12 A category on which Langlois notes: “in which for present purposes I would include even 
Williamson — takes task boundaries (technologically separable interfaces) for granted and 
focuses, often singlemindedly, on the issue of asset ownership. In many of these theories, 
indeed, it is the ownership of non-human assets that defines the firm and sets its boundaries 
(Hart 1989)”. 
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Importantly Jacobides and Winter (2005, p. 396) further point to the “complementary roles of 
transactional and capability considerations in the micro-analysis of firm decisions“ in which 
transaction costs are considered as endogenous to firm decisions to shape their transactional 
environment and not as in traditional transaction cost economics assumed to be given a priori. 
In the following this complementary strand of literature is discussed in order to point to the 
importance of modularization in relation to the shaping of firm resources and thus 
transactional capabilities. 
In contrast to transaction cost economics the focus of the competence/resource based 
perspective is on the internal resources of the firm and how these resources contribute to the 
creation of sustained competitive advantages (Barney, 1991; Wernerfelt, 1984). A 
fundamental assumption of the competence based perspective is thus that resources are 
heterogeneously distributed across firms and that these resources are not perfectly mobile. In 
other words, all firms do not have access to the same resource base and are thus not capable 
of freely acquiring the resources they may desire.  
Within resent years the competence based perspective has been developed and several authors 
suggest that it is increasingly important for firms to develop capabilities to change their 
resource base (Teece et al., 1997; Augier & Teece, 2008; Teece, 2007; Eisenhardt & Martin, 
2000; Helfat, 2007). Teece et al (1997) describe these competences as dynamic capabilities 
and this refinement to the resource and competence based perspective seem to be central in 
relation to understanding process modularity and what enable and limit firms abilities to 
actually use complex design principles such as process modularity in the change of the 
processes of the firm. 
To achieve sustained competitive advantage Teece argues that companies need to build 
dynamic capabilities which “can be harnessed to continuously create, extend, upgrade, 
protect, and keep relevant the enterprise’s unique asset base” (Teece, 2007). The dynamic 
capabilities framework thus point to central elements in value creation being that of sensing 
and seizing opportunities and to adapt accordingly and thus “the fundamental question for 
management is to figure out how best to employ the firm’s existing assets, and how to 
reconfigure and augment those assets and tie them together in a viable business model to help 
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augment the value proposition being brought to customers” (Augier & Teece, 2008, p. 1197). 
As defined above business processes appear to be a central element among the assets of the 
firm and understanding the value of process design competences can thus benefit from the 
insights on dynamic capabilities. 
Augier and Teece note “The emergence of new products and processes results from new 
combinations of knowledge and that processes of organizational and strategic renewal are 
essential for the long-term survival of the business firm. Enterprises must also match the 
exploration of new opportunities with the exploitation of existing ones” (Augier & Teece, 
2008, p. 1196). Thus the strategic flexibility resulting from modular products and related 
organizational forms (Sanchez & Mahoney, 1996) may be closely linked to the creation of 
dynamic capabilities (Pan et al., 2007). Extending the argument from modular products and 
development processes to the business processes through which the enterprise produces its 
products and services may thus be one element in understanding how enterprises can create 
structures which are adaptable to opportunities identified.   
As indicated above Augier and Teece emphasize that the manager plays a distinct role within 
the dynamic capabilities framework specifically “in sensing opportunity, in making 
investment choices, in orchestrating non-tradable assets into combinations that yield 
economies of scope, and in bringing about continuous organizational renewal” (Augier & 
Teece, 2008, p. 1198). As argued above, the design of modular processes could potentially be 
one element in understanding how to invest in assets that enable such orchestration or non-
tradable assets. Furthermore the ability to perform experimentation on a modular level may 
increase the intensity of such experimentation on modules with high option value of design 
(Baldwin & Clark, 2000). Thus the inherent features of modular structures could potentially 
be one way to enable specific dynamic capabilities. Further if modular business processes can 
be related to organizational structure and enabling loosely coupled organization form this may 
suggest that it could be a way to facilitate the creation of ambidexterity in organizational 
design. Modular business processes could thus potentially be one element in resolving the 
tradeoff between exploitation and exploration (O’Reilly & Tushman, 2008).  
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3.2 A Modularity theory of the firm 
As indicated above the notion of modularity point to a shortcoming in the traditional TCE 
argument with its lack of attention to technological change and its effect on transaction 
capabilities. As noted in chapter 2 a stream of literature has taken this as a starting point in the 
development of a modularity theory of the firm. They are thus arguing for a reintroduction of 
the importance of technological change to the study of economic organization and the 
boundaries of the firm. In this modularity appears to play a significant role as it addresses the 
question of how and where the technologically separable interfaces arise which are the basis 
for establishing where transactions can occur (Langlois, 2006). Following an organizational 
economic rationale Langlois argues that modularity can be a useful concept in understanding 
where transactions actually come from “But where do technologically separable interfaces 
come from? Why do activities terminate and begin where they do? Some recent literature, 
which we may lavishly call the modularity theory of the firm  seek to answer these questions 
in a way consistent with the method of comparative institutional analysis” (Langlois, 2006, p. 
1394). The modularity theory of the firm is thus concerned not only with the question of the 
how a given transaction is governed based on its characteristics, but as importantly how these 
characteristics come into being. In other words the modularity theory of the firm is interested 
in answering the question of how a transfer becomes a transaction: “When it is costly, for 
whatever reason, for a transfer to become a transaction, the transfer is best left to take place 
within a module – within the boundaries of an organization – where it need not be 
standardized, counted and compensated.” (Langlois, 2006, p. 1397) 
In outlining the theory Langlois bases it on theory of modular design and property rights 
theory. The theory he claims “will assert that organizations reflect nonmodular structures, 
that is, structures in which decision rights, rights of alienation, and residual claims to income 
do not all reside in the same hands. The reasons behind alternative partitions are numerous 
and complex, however, calling for subtlety in the application of the idea of modularity to the 
firm” (Langlois, 2002, p. 20). Based on the notions of Baldwin & Clark, Langlois refers to 
modularization as including architecture, interfaces and standards. According to Langlois 
modular systems implies a “kind of fixed cost that an intertwined system need not pay” and 
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consequently is in some circumstances only limited modularity is required (i.e. systems in a 
slowly changing environment) (Langlois, 2002, p. 23). Langlois thus claim that “Firms arise 
as islands of nonmodularity in a sea of modularity. They may do so in response to 
externalities arising from the likes of team production or asset specificity. More interestingly, 
firms may also arise in order to generate externalities, that is, to facilitate the communication 
of rich information for purposes of qualitative coordination, innovation and 
remodularization. Hybrid forms like joint ventures and collaborative arrangements arise for 
similar reasons” (Langlois, 2002, p. 35, emphasis in original). This characteristic provides a 
more dynamic notion of the theory of the firm than what is implied in the traditional TCE 
perspective by including the generation of innovation by firms which thus causes changes to 
the sea of modularity. The theory thus adds elements to TCE which as described by 
Robertson & Verona is necessary in order to understand the consequences of technological 
change: “The effects of technological change on new firms and on existing Chandlerian firms 
cannot be specified without examining a wide range of influences including, inter alia, the 
market structures for components; the technological vintages of the various components used 
in a production process; the extent to which economies of scale are present; whether a 
process may plausibly be modularised; the strength of Williamsonian transaction costs; and 
firm strategy” (Robertson & Verona, 2006, p. 91). There are thus profound theoretical 
insights to be gained from the inclusion of modularity into the organizational economic 
theory of the firm. 
3.3 A practice lens for studying the emergence of architectures 
Much of the early literature on product design and in particular the literature on modularity of 
product architectures attention has been given to the structural properties of the design rather 
than the question of how the design emerge through decisions of situated actors. As discussed 
in chapter 2 much of the literature on modularity originates in engineering which is reflected 
in the perspective on design. In his seminal work on design and architecture titled ‘The 
Sciences of the Artificial’  Simon (1996) puts design center stage and defines it broadly as 
“everyone designs who devises courses of actions aimed at changing existing situations into 
preferred ones” (Simon, 1996, p. 111).  
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Central to the literature on modularity is the potentiality for change in particular the benefits 
related to the ability to mix and match modules thus creating variety and change while 
maintaining a stabile architecture. However not much of the literature focus on the process of 
change which is involved in the struggles to realize a modular structure. As discussed in 
chapter 2 a frequent assumption underlying much of the literature on modularity is the ability 
to identify in advance the important interdependencies and subsequently structure these 
hierarchically to realize modularity. The sequential conceptualization of the modularization 
process thus assumes an a priori development of the architecture with its interface 
specification and only limited attention is given to the process of this construction.  
Simon is not blind to the lack of understanding of the process of representing problems as he 
notes “The process of discovering new representations is a major missing link in our theories 
of thinking and is currently a major area of research in cognitive psychology and artificial 
intelligence” (Simon, 1996, p. 109). However it is not a process to which Simon devotes 
much attention as Schön notes “Simon proposes to build a science of design by emulating and 
extending the optimization methods which have been developed in statistical decision theory 
and management science” (Schön 1983, p. 47).  
The process of the change in social systems in general and organizations in particular has 
received significant but quite discrepant attention from different theoretical perspectives. 
Traditionally change has been conceptualized as the move from one state at a point in time 
and space to another state at a different point in time and space driven by the intention of a 
rational designer. Schön calls this the Technical Rationality perspective, closely linked to the 
positivist philosophy of science, which have had a major impact on both academic and 
practical professions (Schön, 1983). From this perspective practice is about problem solving 
in which decisions are solved by choosing among a range of available options the best one 
applicable. However Schön contests that such a perspective neglects the problem setting and 
that the real difficulty in practice is to understand what the problem is in the first hand, rather 
that the selection between different available solutions. The technical rationality perspective 
thus directs attention to one aspect of problem solving but fails to capture the crucial fact that 
to the practitioner problems do not readily present themselves to be solved. Frequently they 
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are rather the product of a process in which the practitioner discovers and makes sense of a 
problematic situation as he explains: “In real-world practice, problems do not present 
themselves to the practitioner as givens. They must be constructed from the materials of 
problematic situations which are puzzling, troubling, and uncertain. In order to convert a 
problematic situation to a problem, a practitioner must do a certain kind of work. He must 
make sense of an uncertain situation that initially makes no sense” (Schön, 1983, p. 40).  
The appropriateness of the technical rationality perspective as a point of departure thus 
depends crucially on the problematic situation facing the practitioners as it requires agreement 
on ends. However in situations of uncertainty and conflicting ideas of means and ends 
technical rationality no longer offers an appropriate representation of how practitioners 
engage with practice. “If the model of Technical Rationality is incomplete, in that it fails to 
account for practical competence in ‘divergent’ situations, so much the worse for the model. 
Let us search, instead, for an epistemology of practice implicit in the artistic, intuitive 
processes which some practitioners do bring to situations of uncertainty, instability, 
uniqueness, and value conflict” (Schön, 1983, p. 49). What Schön suggest instead to better 
account for the practice of practitioners in such situations in an appreciation of what he 
denotes as reflection-in-action which acknowledges that practitioners often know more than 
what they can express formally but at the same time frequently encounter unknown and 
uncertain situations in which they have to reflexively negotiate with the situation carrying out 
artistic acts of improvisation. He describes how practitioners that are engaged in such 
situations  “They deliberately involve themselves in messy but crucially important problems, 
and when asked to describe their methods of inquiry, they speak of experience, trial and error, 
intuition, and muddling through” (Schön, 1983, p. 43). These professionals are not only jazz 
musicians engaged in improvisation but include practitioners engaged in design more broadly 
speaking. Through his study of architecture practices he demonstrates how to the architect 
engages in a series of experiments in which he listens and iterates as decisions sparks 
responses from the situation leading to different avenues of exploration. The architect thus 
“discovers in the situation’s back-talk a whole new idea which generates a system of 
implications for further moves. His global experiment is also a reflective conversation with 
the situation” (Schön, 1983, p. 102). Schön thus urge researchers to consider the role of 
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reflexivity as it is enacted in practice when practitioners engage in conversations and 
negotiations with the situation at hand.  
This challenges the assumptions of technical rationality. Moreover as Béguin (2003) point out 
the conception of design as an activity which is distinctly separated from activities of use can 
be challenged “In a developmental perspective on activity, design seems to be without any 
real beginning or end: it is more a cyclical and never-ending process… design and use 
mutually shape another. The result of one person’s activity (the designer or the user) 
constitutes a resource for the activity of another. This is very different from the traditional 
engineering approach, where design is perceived as a change of state during which a problem 
is solved” (Béguin, 2003, p. 711, emphasis in original).  
As discussed in chapter 2 the design of process and system architecture is far from just a 
technical issue but involves organizational routines and organizational change (Pentland & 
Feldman, 2005; 2008; Peltokorpi, 2008). In the study of organizations and organizational 
change such a call seems no less apparent and consequently recent organizational research 
have focused increasingly on the processes by which organizing and change occur.  
Weick points out how organizations emerges as people engage in processes of sensemaking 
(Weick, 1995) in which “people organize to make sense of equivocal inputs and enact this 
sense back into the world to make that world more orderly” (Weick et al. 2005, p. 410). As 
with Schöns reflection-in-action the process of sensemaking is not simply a transformation 
from A to B based on technical rationality but rather is an attempt to capture not only the 
activity of interpreting confounding situations but also invention of action, as sensemaking is 
both about trying to understand “what’s going on here?,” and equally important “what do I 
do next?” (Weick et al., 2005, p. 412). “The concept of sensemaking is valuable because it 
highlights the invention that precedes interpretation. It is also valuable because it implies a 
higher level of engagement by the actor. Interpretation connotes an activity that is more 
detached and passive than the activity of sensemaking.” (Weick, 1995, p. 14) 
If we want to study the modularization of systems such as a service process architecture 
which is inherently social and the development of which takes place in social interaction 
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between actors, it is not sufficient to study the structural properties of the system but we must 
importantly turn our attention to the process in which situated actors construct and reconstruct 
the system. This requires us to turn our attention to designers and their interaction in the 
process of designing and it suggest that we should pay attention not only to intentions and 
expected outcomes of decision making, but also embrace the unintended consequences of 
design. In these processes and in the reflective actions of decision makers we can find not 
only the characteristics of technology, but rather how technologies are enacted as technology-
in-practice (Orlikowski, 2000; Orlikowski & Barley, 2001).  
Anthony Giddens devotes much of his theoretical development to the relation between 
structure and agency, criticizing at the same time structuralism for neglecting the role of 
human agency and interprenist schools of thought on the other hand for neglecting the role of 
structures in enabling and constraining human action. To replace the dichotomy he suggest 
instead a duality of structure in which neither structure nor agency should be the exclusive 
object of analysis. Structures are constantly reproduced by knowledgeable human actors who 
in their reproduction of structure are modifying it based on their constant monitoring of 
practice as well as their discursive practice of monitoring the monitoring. Thus in his theory 
of structuration, both structure and reflexive agency is essential features: 
“All structural properties of social systems, to repeat a leading theme of structuration theory, 
are the medium and outcome of the contingently accomplished activities of situated actors. 
The reflexive monitoring of action in situations of co-presence is the main anchoring feature 
of social integration, but both the conditions and the outcomes of situated interaction stretch 
far beyond those situations as such. The mechanisms of ‘stretching’ are variable but in 
modern societies tend to involve reflexive monitoring itself. That is to say, understanding the 
conditions of system reproduction becomes part of those conditions of system reproduction as 
such” (Giddens, 1984, p. 191). Giddens thus urge researchers of social systems to give 
sufficient room for agency as he argues that what moves social systems are human actors and 
not social categories or structures. However, he maintain that situated actors are not 
unaffected by the structures in which they are engaged in practice, rather their actions are 
both enabled and constrained by them. It is thus central that human actors are not designing 
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social systems free from the context in which they are situated but are rather constantly 
engaged in a process of transformation in which structures influence the action of actors who 
in turn influence the structures through their action: 
“Human societies, or social systems, would plainly not exist without human agency. But it is 
not the case that actors create social systems: they reproduce or transform them, remaking 
what is already made in the continuity of praxis.” (Giddens, 1984, p. 171, emphasis in 
original) 
In this perspective understanding the design process would imply paying close attention to the 
reproduction of structure and it challenges the conceptualization of design as a decision 
making process taking place outside the social context in which it is embedded. Instead 
agents are recurrently situated in contexts in which they are facing structural elements both 
enabling and constraining their actions: 
“Analysing the structuration of social systems means studying the modes in which such 
systems, grounded in the knowledgeable activities of situated actors who draw upon rules and 
resources in the diversity of action contexts, are produced and reproduced in interaction.” 
(Giddens, 1984, p. 25) 
To Giddens praxis is thus the reproduction of action contexts in which agents based on their 
reflexive monitoring of the situation and their interaction reproduce the rules and resources 
which constitute structure. In this reproduction the rules and resources are themselves subject 
to modification based on the action of agents which can have both intended and unintended 
consequences.  
“The duality of structure is always the main grounding of continuities in social reproduction 
across time-space. It in turn presupposes the reflexive monitoring of agents in, and as 
constituting, the duree of daily social activity. But human knowledgeability is always 
bounded. The flow of action continually produces consequences which are unintended by 
actors, and these unintended consequences also may form unacknowledged conditions of 
action in a feedback fashion.” (Giddens, 1984, p. 27) 
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Giddens conceptualization of action is that of process in which action is continuously taking 
place on the basis of the reflexive monitoring of agents which is a distinctive feature of 
human agents. However Giddens emphasizes that these actions result in both intended and 
unintended consequences as the knowledgeability does not imply complete foresight and  
“Agency refers not to the intentions people have in doing things but to their capability of 
doing those things in the first place… Agency concerns events of which an individual is the 
perpetrator, in the sense that the individual could, at any phase in a given sequence of 
conduct, have acted differently. Whatever happened would not have happened if that 
individual had not intervened. Action is a continuous process, a flow, in which the reflexive 
monitoring which the individual maintains is fundamental to the control of the body that 
actors ordinarily sustain throughout their day lives.” (Giddens, 1984, p. 9) 
This continuous flow of action is reflected in the stratification model of action in which 
Giddens considers intentionality to be a process which is a routine feature of human conduct 
and through which the reflexive monitoring of action which takes place on the background of 
the expectations of agents to explain and account for their actions in the rationalization of 
action.  
Figure 11 Giddens stratefication model of action 
 
Source: Adapted from Giddens, 1979, p. 56 
The reflexive monitoring of action and the rationalization of action are closely related and are 
taking place primarily as a conscious element in human agency, while the motivation of 
action is balancing between the conscious and unconscious. Giddens defines intentional as 
“characterizing an act which its perpetrator knows, or believes, will have a particular quality 
or outcome and where such knowledge is utilized by the author of the act to achieve this 
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quality or outcome” (Giddens, 1984, p 10). Whereas much attention has been given to 
intentionality and the study of intended consequences, Giddens maintains that the unintended 
consequences should be of primary importance to the study of social science: “The 
unintended consequences of action are of central importance to social theory in so far as they 
are systematically incorporated within the process of reproduction of institutions… One such 
implication is that the unintended consequences of conduct relate directly to its 
unacknowledged conditions as specified by a theory of motivation. For in so far as such 
unintended consequences are involved in social reproduction, they become conditions of 
actions also” (Giddens, 1979, p. 59). The unintended consequences often overlooked in the 
literature thus have the important implication that they themselves become conditions for 
actions in the continuing transformations of praxis. For the studies of modularity in service 
this would imply that unintended consequences from design decisions can have implications 
for the future actions of agents as they influence the conditions on which  
However that actions have unintended consequences does not imply that agents are without 
skills, quite to the contrary: “If the study of unintended consequences and unacknowledged 
conditions of action is a major part of social research, we should none the less stress that 
such consequences and conditions are always to be interpreted within the flow of intentional 
conduct. We have to include here the relation between reflexively monitored and unintended 
aspects of the reproduction of social systems, and the ‘longitudinal’ aspect of unintended 
consequences of contingent acts in historically significant circumstances of one kind or 
another” (Giddens, 1984, p. 285-286). 
While stressing the importance of studying unintended consequences of action Giddens 
emphasizes how it is critical to maintain the intentionality of situated actors. This implies 
maintaining the process view of action to study how the reflexive monitoring and unintended 
consequences are related: “To study the structuration of a social system is to study the ways 
in which that system, via the application of generative rules and resources, and in the context 
of unintended outcomes, is produced and reproduced in interaction.” (Giddens, 1979, p. 66) 
Practices thus constitute the social systems of which structural properties are both medium 
and outcome. This is what is meant by the duality of structure in which it is important to 
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emphasize that structure is both enabling and constraining the action of agents. Figure 11 
illustrates the different dimensions of the duality of structure which are combined in social 
practices. 
Figure 12 The dimensions of the duality of structure 
 
Source: Giddens (1984, p. 29) 
Structure or structuring properties consists of rules and resources and these are what provide 
the ‘binding’ of time and space in social systems. Giddens divides the structural properties 
into rules of signification, rules of normative sanctions and resources of domination related to 
power. The modalities are what link the knowledgeable capacities of agents to the structural 
properties in the duality of structure. “Actors draw upon the modalities of structuration in the 
reproduction of systems of interaction, by the same token reconstituting their structural 
properties” (Giddens, 1984, p. 28). According to Giddens all social practices involve the 
three elements of communication of meaning in interactions, power relations and normative 
sanctions.  
Giddens distinguishes between social systems from structure and argues that social systems 
exist in time-space (contrary to structure) constituted by social practices: “The concept of 
social system, understood in its broadest sense, refers to reproduced interdependence of 
action: in other words, to ‘a relationship in which changes in one or more component parts 
initiate changes in other component parts, and these changes, in turn, produce changes in the 
parts in which the original changes occurred’” (Giddens, 1979, p. 73 emphasis in original) 
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The interdependence of action thus involves causal loops where unintended consequences can 
feedback into the initiating circumstances to reconstitute these and this reconstitution of the 
conditions of actions is essential in the process of action. 
The theory of structuration has received much attention within the literature on information 
systems but due to the little attention explicitly given to technology by Giddens several 
authors have suggested modifications to the theory. DeSanctis & Poole (1994) thus propose 
Adaptive Structuration Theory as a method for studying technological change in which social 
structure, rules and resources is the focus but with an inclination for technologies. They thus 
focus on advanced information systems as technologies that enable multiparty participation in 
organizational activities through sophisticated information management and as they note 
these “bring social structures which enable and constrain interaction to the workplace… they 
support coordination among people and provide procedures for accomplishing interpersonal 
exchange… advanced information technologies have greater potential than traditional 
business computer systems to influence the social aspects of work” (DeSanctis & Poole, 
1994, p. 125). 
Similarly Orlikowski (2000) has advanced a practice lens to the study of technologies as she 
argues  it will better enable the study of emergence and change in technologies in use. 
“Because the enactment of a technology-in-practice is situated within a number of nested and 
overlapping social systems, people’s interaction with technology will always enact other 
social structures along with the technology-in-practice” (Orlikowski, 2000, p. 411) 
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Figure 13 Enactment of technology in practice 
 
(Adapted from Orlikowski, 2000, p. 410) 
“In their recurrent and situated action, actors thus draw on structures that have been 
previously enacted (both technologies-in-practice and other structures), and in such action 
reconstitute those structures. Such reconstitution may be either deliberate, or, as is more 
usual, inadvertent” (Orlikowski, 2000, p. 411) 
In order to study the emergent properties of the modularity of service processes the thesis will 
thus draw on the practice lens in order to be attentive to more dynamic processes involved in 
the efforts to develop socio-technological architectures of service processes. 
3.4 The role of management control in achieving modularization 
The previous sections of this chapter have presented modularization as a phenomenon with 
major economic implications for organizations and society at large. Moreover I have argued 
that although much progress has been made in establishing an economic theory of modularity 
providing significant insights into the consequences to industrial organization, this does not 
pay significant attention to the managerial practices implicated in moves towards 
modularization. As suggested in section 2.1.10 the study of actual practices of coordination 
and control may offer insights into the dilemmas facing managers and designers in their 
efforts to achieve modularity. Although only few links are made to the domain of 
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management accounting and control within the literature on modularity (Thyssen et al., 2006; 
Israelsen & Jørgensen, 2011; Jørgensen & Messner, 2010) this field of investigation may 
offer insights into the mechanisms and practices managers put in place in the face of 
uncertainty and ambiguity in order to inform decision making and influence behavior within 
organizations. This section provides a brief review of the theoretical perspectives on control 
and coordination and a short elaboration of frameworks of management control systems 
including that of Merchant and Van der Stede (2007) which will be utilized in the empirical 
analysis to frame the findings from the case by distinguishing different elements of 
management control.  
Anthony distinguishes between strategic planning, management control and operational 
control and defines management control as “the process by which managers assure that 
resources are obtained and used effectively and efficiently in the accomplishment of the 
organizations objectives” (Anthony 1965, p. 17). Management control in this definition would 
thus seem very much in line with the systems and incentives called for by Garud and 
Kumaraswamy (1995) as important to the realization of standardization and reuse. 
Within the management accounting literature several frameworks have been suggested to 
describe the elements of management control. Based on a definition of management control 
systems as “The formal information based routines and procedures managers use to maintain 
or alter patterns in organizational activities” Simons constructs a theory around four levers 
of control; belief systems, boundary systems, diagnostic control systems and interactive 
control systems (Simons, 1995, p. 5)  
Malmi & Brown (2008) provide an elaborate typology of management control systems which 
“starts from the idea that control is about managers ensuring that the behavior of employees 
(or some other relevant party, such as a collaborating organisation) is consistent with the 
organisations’s objectives and strategy” (Malmi & Brown, 2008, p. 295). They suggest that 
such systems should be viewed as a package of controls rather than individually in isolation. 
Their typology distinguishes five overall elements in the package of control. These are 
cultural-, cybernetic- and administrative controls together with reward and compensation as 
well as planning.  
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Figure 14 Management control systems as packages 
 
Adapted from Malmi & Brown (2008), p. 291 
Ferreira and Otley (2009) provides a framework for analyzing performance management 
systems by identifying a range of questions relevant to the designers of such systems. While 
both of these frameworks may clearly provide insight into the use of management control in 
the context of modularization they are both quite elaborate and for the purpose of providing a 
frame of reference in the empirical analysis the framework of Merchant and Van der Stede 
(2007) will be briefly presented below and utilized in chapter 7.  
On the basis of the object of control Merchant and Van der Stede distinguishes between 
results controls, action controls and personal controls and cultural controls. According to 
Merchant and Van de Stede the control problem generally consist of three aspects, lack of 
direction, motivational problems, and personal limitations. Whereas results controls involve 
establishing incentives, action controls on the other hand are established to ensure that the 
actions taken by employees are in line with organizational goals through direct control of 
these actions. This can take the form of establishing behavioral constraints such as limiting 
the access to certain actions, pre-action reviews, action accountability and redundancy. 
Personnel controls consist in procedures for selection and replacement of employees and 
training as well as job design and provision of necessary resources. Finally cultural controls 
involves the codes of conduct present in an organization and incentives such as group rewards 
which can work to reinforce norms. 
 131 
 
3.5 Chapter summary 
This chapter has introduced theoretical perspectives in order to address modularity of service 
processes as an economic phenomenon. The first section introduced two organizational 
economic perspectives on the firm and highlighted that the concern for modularity is 
importantly related to both of these. However while transaction cost economics generally 
treat transactions as given the interest in modularity is very much about how transactions are 
created in the first place. In other words the design of the structure of products and services 
impact the characteristics of transactions. The ability to design structures in the first place is 
not homogeneously distributed across firms but require capabilities which are themselves 
developed over time and relate to the competitive advantages of the firm. The competence 
based perspective thus emphasizes how the development of capabilities relates to the 
competitive advantages of the firm. As both of these two theoretical perspectives are centrally 
linked to the notion of modularity recent efforts have been made to bridge the two 
perspectives into what has been suggested as a modularity theory of the firm. Although this 
theory suggest to offer insights into the nature of the firm it follows the assumption that 
interdependencies can be anticipated a priori as discussed in chapter 2. In order to have a 
view for such emergence a practice lens was suggested which allow for sensitivity in the 
empirical investigation for studying unintended consequences and the way in which 
management react to such. Finally the chapter concluded by introducing a management 
control framework to provide a lens for capturing how management attempts to control the 
effects from unintended consequences of the architecture. The next chapter will discuss the 
methodology used in the empirical analysis. 
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Chapter 4 Methodology 
This chapter will introduce the research methodology of the thesis. The first section seeks to 
introduce and discuss a number of questions relevant to the research methodology which are 
of ontological and epistemological nature. These questions are raised and addressed on the 
basis of critical realist philosophical contributions. Based on these discussions the subsequent 
section introduces the research design of the thesis. As will be elaborated on below the thesis 
will employ a case based research design with empirical material of a primarily qualitative 
nature. Currently one case study has been initiated within a Danish financial service provider 
however it is expected that further case studies are necessary. The next section will introduce 
the first case study in more detail including tentative findings in relation to management 
dilemmas of business process architectures. 
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4.1 Philosophy of science 
The purpose of this section is to introduce the broader considerations related to philosophy of 
science. While such considerations can appear abstract they nevertheless have implications 
for the more practical concerns regarding research design. These concerns will be elaborated 
on in the subsequent section. 
4.1.1 Ontological and epistemological considerations 
This thesis adopt a critical realist methodological stance implying that it assumes the 
existence of a real world which however exist independently of our attempts to theorize about 
it and thus rejects that it is possible to achieve objective knowledge of this world. As Van de 
Ven note “because data are theory-laden and error-prone, the challenge is to compare 
plausible alternative models given our current understanding of the subject matter instead of 
searching for the ultimate truth” (Van de Ven, 2007, p. 66). The critical realist philosophy of 
science thus combines an objective ontology “that presupposes the existence of a mind-
independent reality” and a subjective epistemology “.  
Ontologically the critical realist philosophy of science considers social systems as open in the 
sense that they produce unexpected and unexplainable actions and hence are dynamic in 
nature. It is thus fundamental to critical realism that the social sciences are essentially 
different from the natural science due to fundamental difference in the object of their study. 
Thus as Bashkar notes “social structures, unlike natural structures, do not exist 
independently of the agents´ conception of what they are doing in their activity”.  This seem 
to reflect the principle of the double hermeneutic within the social sciences as stated by 
Giddens that “All social research has a necessarily cultural, ethnographic or 
‘anthropological’ aspect to it. This is an expression of what I call the double hermeneutic 
which characterizes social science. The sociologist has as a field of study phenomena which 
are already constituted as meaningful” (Giddens, 1984, p. 284). However the role of the 
social sciences in relation to values and actions is not of a simple deterministic nature as 
Bhaskar notes “Although I argue that social science sometimes entails, often informs and 
always affects values and actions, I am far from holding that either can be wholly determined 
 134 
 
by or analytically reduced to social science. Social science cannot determine or uniquely 
ground values, because there are other good things in life besides explanatory knowledge; 
and it cannot determine, or on its own rationally inform, action, because this is always a 
matter of will, desire, sentiment, capacities, facilities and opportunities as well as beliefs” 
(Bhaskar, 2009, p. 171). 
In a similar vein as Anthony Giddens critique of sociological theoretical traditions 
emphasizing a dualism between agency and structure (Giddens, 1984) the critical realist 
perspective maintain that an understanding of social practices necessarily involves both 
agency and social form “While society exists only in virtue of human agency, and human 
agency (or being) always presupposes (and expresses) some or other definite social form, 
they cannot be reduced to or reconstructed form one another… society is not the creation of 
unconditional human agency, but neither does it exist independently of it; and individual 
agents neither completely determine, nor are completely determined by, social forms” 
(Bhaskar, 2009, p. 125). Furthermore the conception of the social within the critical realist 
perspective is of a transformative nature in which agency involves the reproduction of 
structure, as we “in our transformative causal agency, mobilizing pre-existing structures, we 
endow the world with consequences, realizing (or not) our purposes in it, and conferring 
meaning upon it, including the physical and cultural products of agency, reproducing or 
transforming those structures in the course of our agency” (Bhaskar, 2009, p. 172). 
As pointed out by Pratten a critical realist methodology breaks with the methodology implied 
in the theorizing of Williamson and the traditional transaction cost economics: “I argue that it 
is precisely Williamson’s acceptance of something like deductivism that links him to 
orthodoxy, and this constrains his attempts to develop more compelling treatments of human 
agency and social institutions” (Pratten, 1997, p. 786).  Milgrom & Roberts are similarly 
open to the limits of the transaction cost approach to economic organization. Specifically they 
point out that the sum of transaction cost and production cost does not necessarily express 
total cost of economic activity in the sense that “production and transaction costs generally 
depend both on the organization and on the technology, which makes the conceptual 
separation between production and transaction costs troublesome”. Furthermore they point 
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to the fact that economizing can be quite complex given that there can be different solutions 
to resource allocation problems and “Too many different patterns of organization might be 
compatible with efficiency for it to be a useful concept” (Milgrom & Roberts, 1992, p. 34). 
The traditional transaction cost approach may thus be criticized for applying a closed view on 
economic organization and reducing decision of vertical integration to specifications of only a 
few dimensions of transactions. As discussed above several authors have pointed to other 
mechanisms which could potentially supplement and under some circumstances counter the 
effects of asset specificity. Although the critical realist epistemology rejects the notion of 
objective truth it maintains a “In contrast to positivism and relativism, more contemporary 
forms of realism viewed truth as being a process of successive approximations of reality, or 
verisimilitude. Furthermore it rejected the positivistic adoption of constant conjunctions and 
the relativistic view of socially constructed causal relations and replaced them with a 
realistic construal of causal mechanisms that exist independently of our knowledge” (Van de 
Ven, 2007, p. 63). From this it follows that although the critical realist perspective maintains 
the existence of causal mechanisms the Humean conception of causality as constant 
conjunctions is rejected on the basis of a layered or stratified ontology in which events in the 
actual are affected but not determined by real causal mechanisms as Bhaskar (2009, p. 195) 
point out “Distinguishing between the domains of the real and the actual and between open 
and closed systems forges a way, in the teeth of the flat and uniform ontology of Humean 
empiricism, to a stratified and differentiated ontology of transfacually active causal 
structures and things”. However this stratified ontology does not imply a simple 
deterministic conception of events in the actual or the existence of a simple relation between 
the real and the actual as Fairclough note “The ‘actual’ does not in any simple or 
straightforward way reflect the ‘real’: the extent to which and ways in which the particular 
causal powers are activated to affect actual events is contingent on the complex interaction of 
different structures and causal powers of the causing of events” (Fairclough, 2005, p. 922). 
This in turn has implications for the objectives of scientific investigation which in the critical 
realist perspective is the explanation of “social processes and events in terms of the causal 
powers of both structure and human agency and the contingency of their effects” (Fairclough, 
2005, p. 923). These causal powers or mechanisms are thus the primary object of theorization 
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where “Mechanisms are the stuff of reality that produces events. Mechanisms are not mental 
constructions: they – like events – exist independently of scientific activity. But to give a 
scientific explanation of an event or a fact – in a realist framework – is to give a theoretical 
account of the mechanisms that produced the relevant event or fact” (Foss, 1994, p. 40). 
There is thus a long way from the causal laws of the positivist philosophy of science to the 
generative mechanisms suggested by critical realism. “By defining the generative 
mechanisms (causal powers) of, say, the capitalist logic and the kind of social structures that 
help sustain and reproduce these mechanisms, researchers do not postulate ironclad laws, 
but tendencies, which may or may not manifest themselves in the empirical domain”  
(Tsoukas, 1989, p. 558).  
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4.1.2 Reflexivity and management dilemmas 
The thesis will thus not apply a strictly deductive method of inference as transaction cost 
economics in the tradition of Williamson (Pratten, 1997). Rather the thesis suggests a method 
of abduction (Van de Ven, 2007) in which the causal explanations of the theoretical 
perspectives are considered the interpretive repertoire by which the empirical material of the 
case studies are met. In order to identify the management dilemmas of the use of process 
modularity and the mechanisms driving the design of processes toward modularity or 
integration the thesis seek to remain open to mysteries and breakdowns in knowledge 
(Alvesson & Karreman, 2007). This involves attention to the limits of the knowledge offered 
by the different theoretical perspectives as well as sensitivity to the complexity and 
contextuality of the decisions and actions in practice. The thesis thus seeks to observe the 
tensions and effects that a transformation towards process modularity entails.  
4.2 Research design 
The central focus of this thesis lies in trying to understand how and under which conditions 
the process architectures and individual business processes are development in a more 
modular way. Thus the thesis is interested in examining the process of modularization in 
relation to business processes. In other words, how it is that a business process comes to be 
more or less loosely coupled and how such loosely coupled elements are combined and 
recombined in the pursuit of benefits and at the expense of certain costs. The thesis thus aims 
to investigate the development process itself and identify the intentions by which different 
actions are chosen.  
In examining the development process the thesis thus seek to employ a process oriented 
research methodology (Van de Ven, 2007).  As research strategy the project thus employs a 
case based approach (Yin, 1981; Eisenhardt, 1989). Case studies can be used for: exploration, 
theory building, theory testing, and theory extension/refinement Voss (2009). In the process 
of exploring the relationship between business service processes and modularity, it is 
intended to refine and test the operationalization of the service processes through the lenses of 
service modularity architecture. To illustrate the application of the service modularity 
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function in a service process context, a case study of a Danish financial service provider is 
carried out. Furthermore the case study is an appropriate research method to explore the 
questions of how process modularity unfolds and challenges the architecture. The case study 
as research strategy is chosen as the research question primarily addresses the understanding 
of how process modularity is achieved, what the effects of can be and why these effects are 
observed. In addition it is intended to study the use of process modularity in actual and real 
environments in which I do not expect to influence its use by the actors to a considerable 
extent (Yin, 1994).  
4.2.1 Case research  
The case study is an embedded single case study in the sense that investigations are made on 
more than one level of analysis (Yin, 1994). On an architectural level interviews have been 
held with managers and architects within the department responsible for the design of the 
company’s service processes and their process architecture. On a project level three projects 
has been followed in which individual financial schemes are migrated from legacy systems 
and existing processes to the new architecture. The case involves direct observation at 
meetings and workshops performed in a process development project as well as information 
from interviews and archival records related to projects and the overall architecture (i.e. 
presentations, documentation of processes and systems etc.). In order to achieve a detailed 
understanding of the architecture and to mitigate the risk of bias information has been sought 
from many knowledgeable informants (Eisenhardt & Graebner, 2007). Information has been 
recorded in a range of different forms and from several organizational members in example 
through meetings, workshops and interviews with senior managers, project managers and 
team members as well as with the employees actually performing the business processes. 
The case company was selected based on the ability to illustrate interesting observations that 
can be used in analyzing process modularity and its effects. The hypotheses of the project will 
be constructed and analyzed during the course of the case investigation but will take as their 
starting point the concepts discussed in the above sections. The intention is to use a number of 
dimensions of transactions to characterize and categorize process modularity and the effects 
of such to enable analysis within each case and search for patterns across cases (Yin, 1981; 
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Eisenhardt, 1989). The project will primarily seek evidence through the collection of 
qualitative data. Interviews and observation in the case company therefore constitutes the 
primary method of data collection.  
As indicated above the case involves more than one unit of analysis and can thus be 
considered an embedded case study (Yin, 1994) in which I through maintaining both a project 
and architectural level of analysis seek to avoid the risk of not reaching a level of analysis that 
allow for conclusions on the process architectural level. The present stage of the case study is 
best characterized as an exploratory pilot study. Meetings and interviews conducted so far 
have been semi-structured with open ended questions intended to identify areas of relevance 
to the research question with potential interesting findings. To supplement interviews and in 
order to gain a more detailed understanding of the design of business processes within the 
case company I have attended a number of meetings and workshops in the role of observer. In 
this connection I have been offered company presentations and detailed information on the 
process design including process diagrams and descriptions, specification of coverage as well 
as material on methods of process design and analysis within the case company. 
4.2.2 Data collection 
Empirical data was collected in the period of February 2009 through to June 2011. Different 
methods were used in collecting data and a total of 30 interviews and observations during 
meetings and workshops were conducted. In order to allow for analysis of the data interviews 
and meetings were recorded, transcribed verbatim and subsequently coded and analyzed. All 
communication during interviews and observations was conducted and transcribed in Danish 
and quotations used in the thesis have subsequently been translated to English by the author. 
Informants included a broad range of employees and managers within the case organization 
involved in the design and management of processes. In total 33 individuals within the 
organization as well as employees of 3rd party providers of the organization took part in the 
interviews and meetings. Due to the request for anonymity by the case organization positions 
instead of the names of individuals are used in the thesis.  
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Table 6 List of interviews and observations 
Date Participants Purpose and overall topic 
03-02-2009 Manager Enterprise Architect Interview regarding process design within the 
organization 
31-03-2009 Manager Enterprise Architect, Project Manager Interview and introduction to the process design 
projects 
15-04-2009 Project Manager, Project/Process Manager Interview and introduction to the Scheme A 
15-04-2009 Multiple participants (the management group of the 
process development department) 
Participation in management meeting of the 
process development department 
06-05-2009 Manager Enterprise Architect, Enterprise Architect, 
Head of Process Management and Design 
Interview regarding the relation between 
flexibility and business strategy 
06-05-2009 Project Manager, Project/Process Manager Interview regarding the scheme A solution flow 
14-05-2009 Project Manager, Project/Process Manager Interview regarding the scheme A processes  
28-05-2009 Project Manager, Project/Process Manager, Process 
Consultant, Head of Process Management and Design 
Observing discussions of decision paper 
regarding scheme A 
10-06-2009 Process Consultant, Project/Process Manager, Legal 
Consultant, Caseworker 
Workshop scheme A 
02-09-2009 Project/Process Manager, Project/Process Manager Interview  
04-09-2009 Project/Process Manager, Project/Process Manager Interview regarding administration processes 
08-09-2009 Project/Process Manager, Project/Process Manager Operating processes and scheme B 
21-09-2009 Project Manager, Project/Process Manager, Process 
Consultant, Project/Process Manager 
Workshop in the process development 
department on Scheme B 
25-09-2009 Manager Enterprise Architect, Project Manager Interview  
03-12-2009 Multiple participants Participant observation in meeting with 3rd 
party vendor regarding KPI's and processes 
17-12-2009 Manager Enterprise Architect, Project Manager  
17-12-2009 Project Manager, System Specialist Interview regarding process and system 
documentation 
09-02-2010 Project Manager, System Specialist, Enterprise 
Architect, Business Process Manager 
Participating in workshop on relation between 
solution flow and solution design 
17-02-2010 Solution Architect Interview regarding workshop scheme C 
17-02-2010 Head of Projects, Economist, System Specialists, IT 
Specialists (external), Solution Architect 
Workshop on solution designs of scheme C 
19-04-2010 System Specialists, IT Specialists (external), Solution 
Architect 
Workshop on specification of interfaces of 
scheme C 
21-04-2010 System Specialists, IT Specialists (external), Solution 
Architect 
Workshop on specification of interfaces of 
scheme C 
21-04-2010 Solution Architect Interview regarding design and reuse of 
interfaces 
13-06-2010 Manager Enterprise Architect, Enterprise Architect, 
Project Manager, Head of Process Optimization 
Workshop on process design 
03-05-2011 Project Manager Interview regarding process design 
03-05-2011 Business Developer, Business Process Manager, 
Head of Business Solutions and Process Design, 
Project Manager 
Interview regarding scheme C and the enterprise 
architecture 
17-05-2011 Business Developer, Solution Architect Interview regarding scheme C and the enterprise 
architecture 
27-05-2011 Business Developer, Solution Architect Interview regarding scheme C 
07-06-2011 Manager Enterprise Architect, Project Manager, 
Head of Proces Optimization 
Interview regarding process design 
17-06-2011 Business Consultant Interview regarding scheme B 
Source: Based on field notes 
Table 6 lists the interviews and observations with dates, participating informants as well as 
the overall purpose of the event.  
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4.3 Chapter summary 
This chapter has provided an introduction to the methodology used in this thesis and has 
proposed critical realist perspective which implies an attention to the open system 
characteristic of social systems such as the development of service process architectures. The 
research design chosen for the empirical analysis is to conduct a longitudinal case study 
within a Danish financial service provider. The data collection consisted of interviews and 
participant observations as well as archival material and process documentation. The next 
chapter introduces the case company in more detail. 
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Part II 
Empirical Analysis 
  
 143 
 
Chapter 5 Designing processes at DK-Finance 
This chapter is based on the paper ‘Measuring service process modularity: an empirical 
application of the service modularity function’ co-authored with Juliana Hsuan and presented 
at the 17th annual EurOMA conference in Portugal 2010 and the 3rd Workshop on Journal 
Publishing for Non-Native English-Speaking Researchers in OM in Vincenza 2010. The 
chapter will introduce the case company in which studies are currently undertaken. The first 
meetings were held with the company in February 2009 in order to establish whether the 
company would be interested and interesting in relation to the research question of the thesis. 
Through a number of interactions it was decided that this was the case primarily due to the 
fact that flexibility in relation to process architecture was indicated to be a central area of 
focus for the company which has invested significantly in replacing existing business process 
and IT infrastructure with a new architecture based on service orientated principles and loose 
coupling. In this decision consideration was taken to the fact that the word ‘modularity’ does 
not appear to be applied extensively within the company. However a strong focus on 
standardization of process components as well as explicit considerations on the degree of 
coupling between components within the architecture underlined the relevance of the case to 
the topic of this research which will be elaborated on in the following. 
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5.1 Case company – Financial Services 
The aim of this section is to introduce the case company as well as to discuss the practices of 
process design within the company. 
5.1.1 Introduction to the case company 
The case company which will be labeled under the fictitious name DK-Finance is a financial 
service company which offer administrative handling of pension and insurance like products 
to a large number of end users on behalf of public and private service providers. The 
company has +500 employees and is based in Denmark. The company provides an interesting 
case in relation to process modularity for a number of reasons. Firstly as the company 
operates as a business process outsourcing provider the company’s processes constitute an 
essential element of its products/services. Hence there is significant management attention on 
the development and improvement of its processes. Furthermore there are tight links between 
the design of processes and the development of technological infrastructure. DK-Finance has 
thus invested heavily in replacing its existing system landscape through developing a modern 
ICT infrastructure based to some extent on the principles of service orientation in which loose 
coupling of applications play an important role. This new infrastructure has major 
consequences for the process architecture of the enterprise as several products are migrated 
from legacy systems to the new platform. This migration entails process redesign in which 
major changes are made to improve the performance of the individual processes with regard 
to lowering costs and improving service toward end customers. A central focus of the process 
redesign projects is the standardization of processes and reuse of process components across 
products/services. This involves major changes in work design and organizational structure 
which again underpins the relevance of DK-Finance as case. 
The company provides its services to end customers on behalf of other companies and 
authorities and thus in effect functions as a process outsourcing provider. The nature of the 
services provided by the company is characteristic of its high processing volumes which are 
primarily carried out in large batches of information handled across multiple systems. In 
addition the company handles customer inquiries and case handling such as claims handling 
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and settlement procedures. As indicated the company handles both pension and insurance like 
services and differences exist across the individual financial services indicating heterogeneity 
of services. Importantly however, where this heterogeneity exists, is primarily between 
schemes which differ in their characteristics, but not to any significant extent within the 
individual scheme. The services provided to the individual end customers within a particular 
scheme do not display much variation. Homogeneity of services and consequently low levels 
of variability would expectedly result in a lesser focus on modularity (Schilling, 2000) and 
lower levels of flexibility (Sinha and Van de Ven, 2005). However, as indicated above, major 
investments have been undertaken with an intention of achieving both economies of scale and 
scope through standardization and architectural flexibility. Consequently this suggests that the 
investigation of modularity in service process architectures should pay careful attention to the 
ways in which the ability to recombine processes to potentially create value. 
The company has been working with process management and enterprise architecture for 
several years. In order to support this work the case company has reorganized by establishing 
an organizational unit responsible for the design and maintenance of processes. Design and 
management of processes is considered part of the enterprise architecture which the company 
has established based on a modified version of the Zachman enterprise architecture 
framework. According to Neaga and Harding (2005) the Zachman framework can be 
described as a “conceptual methodology which shows how all of the specific architectures 
that an organization might define can be integrated into a comprehensive and coherent 
environment for enterprise systems” (Neaga and Harding, 2005, p. 1097). As part of this 
effort, a process architecture has been established specifying service processes which are 
considered generic across the individual services offered. According to company material, the 
process architecture contrast with the way processes were previously orchestrated according 
as each service then consisted of a set of idiosyncratic processes and systems. Figure 13 
illustrates the transition which the company has been trying to achieve through development 
and implementation of a new IT infrastructure replacing existing scheme specific systems and 
processes. This new infrastructure has major consequences for the process architecture of the 
enterprise as several services are migrated from legacy systems to the new platform. This 
migration entails process redesign in which significant changes are made to improve the 
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performance of the individual processes with regard to lowering costs and improving service 
toward end customers.  
 
Figure 15 The transition to an architecture based on principles of loose coupling 
 
Source: company information 
Figure 15 illustrate how the architecture was traditionally centered on each of the financial 
schemes to which customized applications and databases were developed. In principal these 
were developed independently of each other, although some were made by copying existing 
applications as new schemes were added over time. Each scheme thus had its own associated 
IT specialists with great knowledge of their own scheme and its IT solutions. However 
resulting from this, different IT solutions existed across the schemes and consequently 
different processes and routines were used to handle essentially similar business situations. In 
example the way in which payments were made differed across the various schemes. 
“We had ten to twelve different payment systems which were very different… Some of it was 
made through budding where one has said that this looks like that scheme now we just copy it 
and adjust it.” [Enterprise Architect]  
Through this kind of copying of existing applications many different solutions were created to 
handle similar issues which resulted in a perceived lack of synergy between the different 
schemes. It was thus believed to increase costs and perhaps more importantly widespread 
changes were difficult and costly to make as explained by a solution architect:  
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“Because a very traditional way of doing this, if you have 14 lines of business, then you build 
14 IT systems. We have been there, and it does mean that everyone is entirely free of each 
other and that you spend your own budget, your own IT budget in each line of business. But it 
also means that if we have to introduce a new channel of payment then it has to be done 14 
times. That was what lead to the decision that we made to scrap the whole lot and go in the 
opposite extreme where we have built one business system which contains 14 lines of 
business.” [Solution Architect] 
Consequently a perceived drawback to this architecture was that it was not sufficiently 
responsive when new schemes needed to be added to the architecture or significant changes 
made to several existing schemes. The strategic implication was that the time to market of the 
architecture was considered too long which motivated the drive to a new architecture. This 
new architecture centralized the IT systems in the sense that it involves the use of all schemes 
of the same enterprise application landscape consisting of standardized systems. However the 
difference of the individual schemes was intended to be encompassed by designing a set of 
generic process modules from which the individual services could be configured. This 
configurability was thought to decrease the time to market to introduce new schemes to the 
platform, as process modules could be reused and easily reconfigured. 
“This system (the new architecture) is created because there was too long time to market on 
the old, so it will be our assertion forever that our time to market has been reduced with this 
new system, as long as the new that you want to add is fairly similar to something we already 
have. Then our time to market will be lower… (A new scheme) that is just a bit like one of our 
schemes or a conglomerate of, there must of course like to be the payment part from one and 
the claims handling part from another i.e. that would pose no problem to us. And we can 
almost overnight take on pension schemes with depot, without depot, with injury, without 
injury, etc. The more they resemble what we already have the quicker we can do it. And we 
have therefore put an insurance scheme at sea in three months, or was it six?” [Solution 
Architect] 
The design and implementation of the new architecture has not only had technical 
implications but have had profound effects on organizational practice. The organizational 
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structure was changed as a consequence of the new architecture and in particular the 
relationship between IT and line of business has changed. With the drive towards the new 
architecture new roles for IT specialists were thus established partly through the outsourcing 
of parts of the company’s own IT functions. Furthermore the nature of the dialogue between 
line of business and IT changed through the process of development and implementation. The 
solution architect explains this change as follows:  
”I think there has been a very great transformation. I have been here for ten years, and back 
then when I started in 2001, the truth was that line of business was running on the IT systems 
that were there and they were quite reactive, and then IT had the role of those who made the 
steps forward and came with the suggestions and were the innovators here. It is a very 
radical change that line of business are now saying that it is us who are drawing these 
business processes. Now it is us that define services, etc. And we take on a more supplier like 
role in this. We are of course still in on this around innovation, etc. but basically we have 
more of a supplier role. So it has meant a big boost in how much business is engaged in its IT. 
Because it is increasingly clear that in a financial company, you live and breathe IT from 
morning to evening. So it is important that business has a decisive influence on it.” [Solution 
Architect] 
The distinction between the drawing of processes and the definition and supply of IT services 
is suggestive of some of the key elements of the architecture and the interplay between 
requirements to and design of different solutions. In order to facilitate this interpretation of 
business requirements from line of business to the IT suppliers processes have been an 
important representational vehicle. The principle of first letting line of business to set 
requirement to new solutions by designing how the processes is thought to best support 
business objectives was thus intended to create a better solutions than what would be the 
result if the capabilities of the IT systems were used by default. However bringing together 
many lines of business in the same process and system landscape has not been without 
complications and it brings along its own complexities. 
“What makes ours (process architecture) so insanely complex is that we contain many 
companies within one. That is when you go out and look at others and speak with others who 
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are doing processes. Gee Wow that is the sheer, and by the way it goes for our IT solutions 
too, it is the sheer nothing, they have one company they have to model, I just think ‘what is 
the problem?’ You don’t have the problem that we are actually several companies working in 
the same flow and that we are doing development at the same time and that we have to be 
able to handle that too. We have really been good at introducing as many complexities as we 
at all could.” [Head of Business Solutions and Process Development] 
As DK-Finance is effectively operating as business process outsourcing provider to different 
public and private organizations the different financial schemes essentially imply that the 
platform contains the processes of several companies within the same architecture. The 
generic process modules thus imply that different schemes using the module may involve the 
challenge that the use and modification of process modules by different schemes is not 
independent. This implies that a challenge of the design of processes within the company is 
the identification of generic properties enabling a single description of the process and at the 
same time allow for encompassing the differences of the individual schemes. This is made 
further difficult by the fact that the different schemes follow different regulatory frameworks 
which set requirements for the design of processes. 
“But it is not many companies which have so many variants and which need each of their 
own ways of doing things, that is for regulatory reasons, then it is not many companies that 
contain entire companies which they depict in the same way. That is when I speak with others 
then they can have subsidiaries but then they don’t depict it as one, then they have an entirely 
different way of handling it. So it’s a little funny.” [Head of Business Solutions and Process 
Development] 
The fact that the processes of the architecture must be designed to encompass several 
financial schemes introduces complexities which have required the establishing of a practice 
of process design at DK-Finance. 
Challenges of variability to the management of services 
As discussed in chapter 2 one of the challenges facing service managers is the difficulties of 
matching capacity and demand in the face of variability in demand and inflexible capacity. 
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The different financial schemes for which the company provides administration has this 
characteristic and was recently exposed to rapid changes in demand due to market conditions. 
Figure 16 Incoming inquiries for specific scheme 
 
Source: Based on company informaton 
Within few months the number of incoming inquiries rose by 300-400% on an ongoing basis 
which made it difficult for case workers to meet the demand. The case workers handling this 
scheme are particularly committed as a high level of knowledge of the legal regulations is 
required of the resources allocated to the process as explained by  
“In the scheme the questions are of an individual nature. They are very much related to the 
individual employee, customers, particular situation… And in order to disburse you have to 
know the agreements and that require a deep competence. Actually it takes more than a year 
before you, as seasoned case worker, it takes more than a year before you can actually 
contribute. So that is a particular problem, you are dealing with a group of people who are a 
scarce resource and which can easily become a bottleneck because there is only very few of 
them and you cannot just replace or supplement” [Internal consultant] 
In order to solve the challenge different measures were taken including partitioning cases into 
different process streams depending on their characteristics as well as involving service 
workers with fewer specific competencies to handle part of the load. However in connection 
with the project for migrating the scheme to the platform an alternative priority track solution 
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was subject to discussions within the process design group. This solution would involve being 
able to activate different variants of the same process depending on the state of the process. In 
effect this would imply postponing certain activities in situations of large backlogs freeing up 
capacity for handling activities which were more critical for the individual customer. This 
solution was discussed during a workshop between process designers and architects regarding 
the specific scheme: 
”But if you have this [alternative process] and we imagine that you deliver the secondary 
payment after seven weeks and the primary after four weeks in busy periods, then if the 
period is longer than seven weeks those receiving will actually experience the period even 
longer. Then you are not doing them a favour to enable this. I think it is wrong to do it like 
this” [Process designer] 
As pointed out by the process designer there would be a danger involved in introducing a 
variant of the process which sacrifices process efficiency to respond faster to parts of the 
customer requests. However as a process architect notes this danger represent a tradeoff 
which depend on the efficiency loss as well as the ability to use alternative resources: 
”The crucial point is how much longer it will take. In the example we just constructed it 
would take 50 percent more time totally and then it starts getting dangerous but then again it 
might only be 5-10 percent extra, then other effects might begin to be relevant….Then you 
might use temperary workers for the secondary because then a case worker has already had a 
look at the case” [Process Architect] 
Importantly this challenge and the proposed solution suggest one of the ways in which 
modularity may be associated with creating flexibility in the management of service 
processes. Multiple variants of the same process which i.e. could effectively relocate 
activities to outside providers or divide activities between high and low skilled workers could 
thus be an important benefit of modularity in the face of variability of services.  
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5.1.1 The practice of process design within DK-Finance 
DK-Finance has been working with process management and enterprise architecture for 
several years. In order to support this work the case company has reorganized by establishing 
an organizational unit responsible for the design and maintenance of business processes. On 
an overall level the company has employed a version of the Zachmann enterprise architecture 
framework. In that connection a business architecture has been established specifying 
business processes considered generic across the individual services offered. According to 
company material the process architecture contrast with the way processes were previously 
orchestrated according to which each service consisted of a set of idiosyncratic processes and 
systems.  
The design of enterprise architecture was undertaken in 2005 and the architecture has been 
modified subsequently based on the accumulation of learning and the realization of different 
challenges.  
“We have an enterprise architecture which cuts across the business and IT and we have 
designated the responsibility based on the framework. We [architecture group within the 
‘products’ department] as the business are primarily responsible for the conceptual and 
logical level and IT is responsible for the other levels [physical and infrastructural]” 
[Enterprise Architect] 
The focus of the process design is thus stated to a large extent to attempt to establish 
processes which can function generically across services. In relation to the underlying system 
an aspiration for loosely coupled services has been sought. In that connection an important 
aspect is the ability to standardize elements of the processes and handle requirements of 
individual services by means of introducing variants of the standard process enabled by the 
loose coupling. One very concrete element of this design of decomposable elements is the 
specification of letters for users in which composition of letters with standardized components 
enables variation and individualization of letters while at the same time reducing the total 
number of letters. 
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“But that is exactly why it might be that the box looks a little different on service XXX but we 
can use the principles again and again and that is what makes the system flexible. That I can 
take out this block of text which is specific to service YYY and put XXX in but still use the rest 
of the specific letter” [Project manager] 
Furthermore automation of communication by composing letters of standardized components 
based on information from the core system enables customization of letters to the individual 
customers need further reduces the required number of letters by creating modular text 
components which are reconfigurable based on business rules: 
“It is because of the way that the core has been build that it delivers the set of data which 
have been changed…In that way we communicate something to the customer so that he can 
see that for instance that his period has been changed, that there has been a certain absence, 
or that he has received a certain benefit. Then based on the data we have in the system we 
can say that what has changed is this and that this is why you have to pay back or it is why 
you receive an additional amount.” [Project manager] 
Thus instead of composing an extensive amount of letters customized to the individual 
combination of situations, standardized elements are designed which are then composed 
based on the information to the individual customer. 
Organizing the process development and the construction of representations 
Over time the organization has developed its methods for representing and documenting the 
solutions which are implemented. These representations perform important roles in the 
implementation process as they are the visualizations and specifications according to which 
the IT solutions are developed and business procedures written. The construction of these 
representations has been organized in a way in which line of business is responsible for 
drawing the desired business solution which is labeled ‘solution flows’. These flows along 
with detailed information on the individual activities and how the individual schemes varies 
with regard to the activity form the requirements from which detailed solution designs are 
drawn. These solution designs represent the workings of the systems and how different 
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domains interface to perform the process. A solution architect explains the relationship 
between solution flows and solution designs this way: 
“In principle the business processes which line of business has drawn are basically 
implementation neutral. And method wise we have had a development in the house which 
started with us wanting that for each solution flow, that is the business description, there 
should be like a one to one match to a solution design. We wanted very much more or less to 
connect them physically so that you could imagine in a presentational tool that you would 
double-click on a business process so that you could go to the corresponding solution and by 
the way preferably click onwards down into the solution. Maybe even down to some 
implementation details. That was anyway our vision. That linkage has broken.” [Solution 
Architect] 
The construction of the representations is itself a long process of translating ideas for 
potential solutions and determining current and potential business requirements into 
something on which agreement can be made. It is thus a process through which different ideas 
are introduced without necessarily ending up in the implemented solution and in which ideas 
are challenged by details which can delimit their feasibility. Initially a catalogue of ideas was 
developed through interactions between process developers and staff from line of business. 
The catalogue outlined a range of problems with the current process design along with 
considerations of potential benefits of different solutions and the type of effort required to 
achieve a solution. Based on the catalogue considerations were made on a more detailed level 
resulting in the drafting of decision papers presented to management for making decisions on 
which elements to include in the development and implementation. 
A central focus of the process redesign projects is the standardization and reuse of process 
components across services. Furthermore the redesign involves an explicit focus on 
improving the level of service provided to the customers. This involves both improvements in 
the information provided to end customers as well as offering alternative communication 
channels. One element in achieving this is the reversal of process flows, for instance, by 
automatically initiating payment of pension and subsequently only asking customers if the 
payment stream should be moderated, based on the knowledge that the vast majority of 
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pensioners will choose the standard stream of payments thus reducing the required responses 
markedly. The redesign of processes thus involves major changes in work design and through 
the use of generic standard processes components across schemes also in organizational 
structure. 
  
 156 
 
Developing solution flows and solution designs 
The construction of solution flows was thus carried out by process designers in a dialogue 
with employees working with the individual schemes who are familiar with the legal and 
business related requirements of the scheme. Solution flows are high level business process 
diagrams in which activities and their interrelationship are represented. The flow diagram 
includes decision points in order to visualize the business logic of the process. Activities 
taking place in IT systems are shown on the flow diagram, but the technical working of these 
activities is the focus of solution designs and not the solution flows.  
Figure 17 Illustration of solution flow 
 
Source: Company information 
In order to develop solution flow diagrams process designers maintain a dialogue with the IT 
architects and specialists having knowledge of the abilities of the IT applications. The 
intention of this dialogue is to ensure that the appropriate requirements to the final solution 
are put forth while avoiding setting requirements which can only be met through high 
development costs. The design situation is thus a careful act of balancing existing and future 
needs with the knowledge of current and potential solutions. However the dialogue between 
designers and line of business employees in some cases caused the employees to be 
overwhelmed by the changes suggested by the new processes, as recalled by a process 
manager: 
 157 
 
“Someone like [line of business employee] down in [specific scheme] was completely run 
over; he entered the process too late. He has not been part of the core and letter process. He 
should have been on and suddenly he is completely cut off. Then he is sitting and drawing his 
own processes which are his world view. And then you say it may be your world view but this 
was how it looked. But then that is what both [project manager] and I are hired for, and their 
managers, to try to make them understand. But it is difficult.” [Process Manager]  
The timing and form of the dialogue is thus important in order to ensure that processes are 
designed with careful attention to the needs of the business and at the same time reflect its 
intended future state.  
“As process responsible what I just have to ensure is that we have everything included and 
that we test what needs to be tested. What I start doing is to make test scenarios on these 
(solution flows) and then I can reuse them. That’s why I ask ‘have test scenarios been made’, 
yes there have. Then I can just go in and enter this scheme so that I don’t have to make them 
myself. (Interviewer: So that is that you test what happens when a customer from this scheme 
approaches?) Yes and then test cases are made under this scheme, but that is the way that we 
make sure that our flows are being tested through. So in Quality Center the scenarios are 
found and then there are test cases attached, and then you can go in and see, just point out 
this scenario and then you can see, but there is only tested 90%, can we air this or is 
something blocking or something like that. So we get an overview that way” [Process 
Manager] 
Based on the solution flows a number of scenarios are developed and are entered in the 
quality assurance application. The solution flows is an essential element in the development 
process as it is the foundation on which the solution design is based. As such it represents the 
requirements from the business to the solution and it is thus important that all requirements 
are included before the solution design is being developed. DK-Finance thus distinguishes 
between solution flows which are modeling’s of the processes from a business perspective 
and solution designs which focus on modeling the resulting interaction between applications. 
In relation to solution flows the Head of Business Solutions and Process Design reminds that: 
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“you have to remember that this is how we see the business, it is not the way that we think 
that the systems are supposed to run. We can easily subsequently redraw it because we model 
the business differently. That does not mean anything, it only means anything in the IT 
department.” [Head of Business Solutions and Process Design] 
Designing for reuse 
An important principle of the architecture has been that functionality is designed with an 
intent to reuse it across schemes. 
“One of the first principles is that a group functionality is developed once, that is we develop 
functionality once and use it many times. And that is actually one of those which have 
survived in the new strategy also. So that we have domains and that functionality lives in a 
domain and that we have actually sharpened it a bit so that we now say both that 
functionality is developed once but also that domain boarders have to be kept.” [Enterprise 
Architect] 
However following the principle of reuse has implied learning for the organization as the 
success of subsequent reuse of functionality is dependent on how it was developed in its first 
instance. Theoretically this would not present a problem provided that the first development 
of the functionality was able to take into consideration future uses and document and test it 
accordingly. However as the Head of Business Solutions and Process Development points 
out, it has not always turned out this way in practice: 
“But I think fundamentally we have learned something, and that has been an unpleasant 
learning, and that is that when you mess around in the first solution you make on a platform, 
then it is damn annoying to be number two. And scheme C is number two right. And the 
scheme that went before this one, that was just not a proper solution and it is badly made and 
badly documented. And the solutions you would like to reuse, they are almost un-reusable. 
And the worst part is almost that we did the same on our other core when we made that. 
There we also made the first scheme and that didn’t go so well and then we had to change 
everything for number two and this scheme has been affected by being hit on the financing so 
they have perhaps not had that much money to change it. But that reuse is a damn good thing, 
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but it is really dismal to be the ones who are allowed to reuse what didn’t work the first 
time.” [Head of Business Solutions and Process Development] 
To which the Business Developer adds:  
“Well there has been some times where we have said ‘we can easily reuse that, which sounds 
really great’ and we think it is fantastic that the programmers come down and show us the 
opportunities. And when we then get it in production then it turns out that it was a thing that 
didn’t work” [Business Developer] 
The Head of Business Solutions and Process Development mention a specific example of the 
attempt to reuse a broken process:  
“…The dunning process we have reused and then it didn’t work by the way. So ‘would you 
like to reuse it?’ ‘Yes we would like that very much’, and then [the Business Architect] says 
that she thinks that it was a good idea to reuse, but could we then not just make it work on the 
first scheme first,  before we reuse it on the second one. And unfortunately we have had a few 
of those. Where if you want to have common functionality and reuse then it is really important 
that what you reuse is useable right.” [Head of Business Solutions and Process Design] 
A major intention behind the design of the process architecture has thus been to reuse 
functionality across the different schemes to avoid redundancy and thereby lower the cost and 
complexity of the architecture. However it has not been without complications to realize this 
principle as chapter 6 will elaborate further on. 
5.2 Conceptualizing and measuring service process modularity  
In order to grasp the concept of modularity in the context of service processes this section will 
conceptualize and measure service process modularity using the service modularity function. 
The measurement is intended to illustrate the decomposition of the service process and how 
clarification of the characteristic of components can contribute in shedding light on the 
structural composition and the extent of modularity. A number of studies attempt to measure 
degrees of modularity and commonality within physical product architectures (Fixson and 
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Park, 2008; Holtta-Otto and de Weck, 2007; Mikkola, 2006; Mikkola and Gassmann, 2003; 
Thevenot et al., 2007) as well as within manufacturing processes (Tu et al. 2004).  
Table 7 Existing measures of modularity 
Authors Method of measurement Focus of analysis 
Ulrich and Pearson (1998) Product costing model based on product 
archeology 
Product architecture with coffee maker 
example 
Fisher et al. (1999) Mathematical model of component 
sharing 
Product design with case of brakes in 
the automotive industry 
Fixson (2005), Fixson and Park 
(2008) 
Index measures based on function 
allocation and nature of interfaces 
Design of product architecture with 
cases from two industries: automotive 
and bicycle  
Holtta-Otto and de Weck 
(2007) 
Index value based on Design Structure 
Matrix 
Product architecture with examples of 
telephones and computers 
Mikkola and Gassmann (2003), 
Mikkola (2006) 
Mathematical model based on 
component characteristics and their 
interaction 
Product architecture with examples 
from two industries: automotive and 
elevator 
Kumar (2005) Mathematical model to measure 
modularity and mass customization 
Mass customization strategy in  
manufacturing with example from the 
computer industry 
Thevenot et al. (2005) Commonality index based on product 
components 
Product family design with case of 
cameras 
Thyssen et al. (2006) Activity Based Cost allocation to 
product modules 
Module level costing of products with 
case of intelligent lighting 
Gentry & Elms (2009) Measure percentage of inventory 
managed externally to the firm 
Partial modularity and performance in 
the Electronic Manufacturing Services 
industry 
Voss & Hsuan (2009) Mathematical model based on 
component characteristics  
Service architecture with case from the 
cruise industry 
Source: Based on literature review 
To capture the degree of modularity of service processes the thesis apply the service 
modularity function (SMF) introduced by Voss and Hsuan (2009).  The SMF offers a proven 
method of evaluating the degree of modularity within architectures of products and services 
with managerial implications. SMF is a mathematical function (Equation 1) that measures the 
degree of modularity deriving from unique services and degree of to which the modules can 
be replicated across a variety of services. It has the following variables: number of unique 
service components (u), total number of service components (N), and the replicability factor 
of the unique service component (f).  SMF can be interpreted as follows. The degree of 
service modularity varies exponentially with respect to the total number of services (N), the 
number of unique services (u), and the number of services families the unique services can be 
replicated into. 
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SMF takes the system perspective on decomposition and assumes that the system is 
comprised of two types of services: standard and unique. Standard services are routinized and 
common in multi-site services such as those in fast food and retail industries. Unique services, 
on the other hand, are service elements that are difficult to be copied by the competitors in the 
short term, such as with the expertise knowledge of consulting firms. However, service firms 
(especially the multi-site, multi-service firms) should also consider to what extend the unique 
service elements can be replicated across services families. 
The importance of the design of service delivery processes is recognized as crucial for the 
operational capabilities of the service provider. The SMF might provide valuable insights to 
process designers pursuing architectural principles of standardization, reuse and platform 
design. The extent to which standardized services components are used as opposed to unique 
components is a crucial factor influencing the degree of modularity of a system. In the case of 
the financial service provider, the documented and tested business services are available in a 
service repository, and can be readily applied across the different financial schemes. Unique 
components, on the other hand, are those which are new to the firm and are introduced on the 
basis of requirements from a financial scheme under development. As Garud and 
Kumaraswamy (1995) point out, “the realization of economies of substitution requires 
knowledge sharing and the reuse of components.” Unique components may emerge due to a 
lack of awareness or appreciation of the availability of standard components not necessarily 
due to heterogeneous requirements. 
The company has been working extensively with process development and has mapped its 
processes on various levels. These mappings together with interviews and participant 
observation in process development efforts form the basis of the case analysis. The 
decomposition is illustrated in Figure 18 showing how each financial scheme involves a 
composition of functionalities which is made available to employees as well as relevant 
stakeholders such as end users. These functionalities comprise a number of service processes 
depending on the nature of the scheme and the requirements of the customer. These processes 
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are compiled on the basis of standardized business services which involves components in the 
form of information system services. For the application of the service modularity function, 
the level of analysis is set at the service process and business service level and the unit of 
analysis is the individual business service process. 
Figure 18 Illustrating the decomposition of the service process architecture 
 
Source: based on the idea of composition architecture (Woods & Mattern, 2006) and service 
abstraction (Newcomer & Lomow, 2005) 
In order to investigate the application of the service modularity function in the context of 
service processes a specific claim handling process within the case company was chosen for 
analysis. A simplified mapping of the process is depicted in Figure 19 which illustrates the 
main steps of the claims handling process. Figure 19 also illustrates the decomposition of 
Figure 18 in which individual process steps are considered as the component level and the 
module level consists of sequences of process steps. Two module level structures are selected 
and evaluated at component level in order to evaluate their structural composition based on 
the service modularity function. 
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Figure 19 Identifying the elements of a modular service process 
 
Source: Based on company information 
The processes from which services are configurations are broken down according to the 
layers of the architecture are designed at a high level to be generic across schemes. A 
simplified example of such as process of evaluating claims is illustrated in Figure 19. The 
actual mappings of flows are designed and documented using the Business Process Modeling 
Notation (BPMN) to visualize activities and decisions. Underlying these higher level 
flowcharts are descriptions and policies explaining the fundamental business aspects of each 
activity and decision. Most processes involve ICT systems and activities are thus broken 
down into lower levels for which detailed BPMN diagramming is used to specify the detailed 
workings and information flows. This level consists of various Information System Services 
which in some cases are automated and in other cases involve interaction with staff and 
customers.  
Much attention is paid to the standardization of process components and to the intention of 
reuse across the different financial schemes provided to customers. The processes of the 
company vary in their characteristics leading to differences in the choice of degree of 
modularity. However ensuring appropriate degrees of reuse of standardized components is 
challenging for the designers and managers and influences the enforcement of architectural 
principles. The reuse of standardized process components requires that these are documented 
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and made available. This however poses challenges as one of the company’s Information 
System Developers explains:  
“Surprisingly documentation is one of the first elements to be dismissed when you are 
having trouble meeting a deadline. And then you lose the investment it actually is to create a 
SOA environment for what if you cannot reuse” [Information System Developer].  
Another important aspect in realizing the benefits of reuse is that it requires the developers 
to actively identify previously developed components:  
“Even if you can reuse, you may never find out, if the fastest thing is to build it yourself 
instead of starting to search for it you just create a new one. Then you also know that it will 
fit” [Business Process Developer]. 
Figure 20 Illustration of decomposition of process 
 
Source: Based on company information 
As described above the process architecture can be decomposed in order to evaluate the level 
of modularity of the service processes. As illustrated in Figure 15 the company has been 
trying to redesign its processes to be applied across its range of financial schemes enabling 
service configurations. This involves the reuse of service process flows which, however, on 
the business services level can be customized as some financial schemes require unique 
business services. Figure 20 illustrates this composition of service processes based on 
components. In order to estimate the SMF at the service process level components are 
identified as the business services. These services are further evaluated on the basis of 
standardization and uniqueness. Replicability is considered in relation to the ability to 
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replicate unique components across the range of financial services. Data on the individual 
components was collected through investigating the company’s process model and by 
discussing their characteristics with company employees responsible for the process. Table 8 
lists the components of the two modules of the service process depicted in figure 18 and 
corresponding to the third level of figure 20. 
Table 8 Elements in the service modularity functions 
Elements of calculation 
Process Insurance 
Claim 
Handle 
Customer 
Payment 
SMF(u) = e-u2 / 2Nf 0.66 0.83 
N Total no. of components 10 16 
n no. of standard components 5 10 
u no. of unique components 5 6 
f no of service families 3 6 
Source: Based on interviews with company employees 
The table depicts the variables relevant to calculate the service modularity function for the 
two service process modules of figure 19. The table shows the total number of components of 
each of the two modules as well as how they can be divided into standard and unique 
components. Furthermore the table shows that the module Process Insurance Claim is used 
across three service families whereas Handle Customer Payment is used across six service 
families. This in combination with a lower percentage of unique components implies a higher 
level of modularity compared with the Process Insurance Claim module. 
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Figure 21 Service modularity function for the two analyzed processes 
 
Source: Based on company information 
Figure 21 depicts the service modularity function for the two analyzed process modules. The 
level of modularity depends on the course of the service modularity function as well as the 
number of unique components. These are depicted along the horizontal axis of the graph and 
as the number of unique nodes grow the level of modularity falls according to the service 
modularity function. The difference between the courses of the two functions depicted in 
Figure 21 result from the different structural compositions of the process modules as 
indicated in table 8. 
As discussed above the company is attempting to design its processes with the intent to 
maximize the reuse of service process components across its range of financial services. In 
the application of the specific process across a number of financial schemes, variety however 
is caused by specific characteristics of the individual financial services. The application of the 
service modularity function thus indicated a number of tradeoffs that need to be considered 
when redesigning the service system. For instance, reusability of processes does not appear as 
simple as management believed to be, even when they are standardized. As illustrated above 
decomposing the service process architecture and identifying the relevant concepts for 
measurement provides the basis for application of the service modularity function.  
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5.3 Chapter summary 
This chapter has provided an introduction to the case company and its approach to process 
design. Particular emphasis has been on the way in which process designers have been 
attempting to standardize and reuse components across the architecture in accordance with the 
architecture principles. Based on the representations of processes and interviews with 
employees the service modularity function was applied in order to evaluate levels of 
modularity across two specific processes. This showed that the payment process was more 
modular than the claims handling process, an observation which is in accordance with the 
perception within the company. Whereas the payment process is indeed considered plug-and-
play compatible the claims handling process turn out to present more challenging for the 
efforts to standardize and reuse. The next chapter will go further into these challenges and the 
consequences they have for the performance of the architecture. 
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Chapter 6 Problems and dilemmas 
The preceding chapter described the intention of the new enterprise architecture to enable the 
composition of financial schemes on the basis of generic process modules constructed of 
components from a common application landscape. The intention was to enable scale 
economies through the reuse of components across schemes and to lower the time to market 
by enabling fast configuration of standard components. In the previous chapter the service 
modularity function was subsequently applied to the claim handling process on the basis of 
information on the characteristics of individual components.  The function revealed that part 
of process could be considered more modular than other parts of the process. This partly 
reflects that the payment of claims is less challenging to generalize than actual processing of 
claims. However it also reflect that the design and implementation of the architecture has 
taken place over a number of years in which some components have gradually become 
standardized and reusable across schemes, while others remain unique. The development of 
the architecture has involved a number of projects through which individual schemes have 
been migrated from the old architecture to the new architecture being constructed. In this 
process a number of unexpected and unintended consequences emerged which have required 
the attention of the company. This chapter presents and analyzes a number of problems which 
have been experienced in the case company through the transformation process which they 
have undertaken during a number of years. These problems present management with 
dilemmas and suggest that modularity is not a solution without its own inherent challenges. 
  
 169 
 
6.1 The emergence of unexpected and unintended consequences 
This section will discuss and analyze problems which have occurred during the development 
of the architecture and resulting from which corrective actions have been taken. Firstly, 
deviations in the realization of the architecture vision are discussed based on the experiences 
of the Enterprise Architect. Secondly, the fear of unintended consequences turns out to be an 
important explanation in relation to reuse of components. Finally the section discusses 
elements of the development process and nature of the schemes which contribute to the 
emergence of unintended consequences. 
6.1.1 The architecture vision and realization 
As discussed in chapter 5 the case company embarked on a transformation journey through 
which the enterprise architecture was to be fundamentally changed. The new architecture was 
intended to be based on principles of service oriented architecture involving loose coupling 
between applications through orchestration of defined services.  However the process of 
moving from the architecture vision to an implemented architecture did not turn out to be 
without detours as unexpected technical challenges resulted in significant changes to the 
implementation. As the enterprise architect explains expectations were in place with regard to 
the technical solution: 
“We expected that 80-90% of all case work was to take place through portals. That is, we 
expected that we were to have a portal across everything so that you didn’t see which 
backend systems were there. That was the vision. Workflow was to control all end-to-end 
processes, everything was to go that way around and you would be able to see when an 
operation had been performed then it would turn up in the workflow. All communication 
between domains were to be 100% synchronous and SOA enabled, we expected. We would 
have clean domains without redundancy in the respective areas.” [Enterprise Architect] 
However although this was the vision of the architecture it turned out not to correspond 
exactly to the implemented solution. Quite to the contrary the use of portals and workflow 
would only be used to a minor extent due to the difficulties and cost of the attempt to keep 
with the architectural vision: 
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“20-30% of the casework takes place through portals we estimate and not the 80-90%. [The rest is 
performed] in backend systems. Workflow has been implemented very ad-hoc and mostly as 
placeholder for notifications and as in-tray. All communication between domains is done SOA like 
but is asynchronous” [Enterprise Architect] 
These deviations from the vision had major implications for the development and 
implementation of the architecture as a solution architect explains the ambitions of the 
architecture took a dive with the realization that the vision was too ambitious and would not 
be possible to realize as expected: 
“It has been a major process that we have been through. Starting very high perhaps and then 
dived very low from the target, and now the pendulum is approaching the middle again…. 
(Interviewer: And the great dive what was that?) The thing about ok we don’t change all user 
interfaces to self-written websites, we can’t handle that no. So the dive is there, when we 
decided that ‘ok we use the interface from SAP’ even though it is not service enabled, even 
though it is not service oriented and even though you from those screens cannot actually call 
other systems. So we have found a way of working with it anyway.” [Solution Architect] 
This transformation was described to be a struggle between those maintaining a belief in the 
vision and those who realized on the basis of the progress being made that it could not be 
achieved successfully. This struggle was set between:  
“One wing in IT, hardliners which wanted the SOA landscape run through, and then some others 
which could see progress figures which were completely red. And if you have an architecture 
department which says that it has to be so to the developers and the developers listen, then you have 
to force something through. So we closed down our architecture department in 2007 and we kept part 
of the drawings and then we have reestablished, what should I say, the compromise that is running 
now…. But the compromise we have reached, that the surrounding world has chosen to reward us 
with an SOA price. I don’t remember when we got it, if it was actually 2007 or when it was. But this 
way of using backend systems as SOA enabled partners in a SOA landscape, which has worked for 
us.” [Solution Architect] 
The struggle to decide whether to maintain the vision of implementing a full SOA landscape 
was fought between those who believed to see the lack of progress implicated in following 
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the architecture principles, and those concerned with ensuring that the architecture lived up to 
the agreed vision. The struggle was thus caught between the desire to ensure the long run 
performance and adaptability of the architecture versus the concern for the current progress 
and short term completion of the projects. This led to a realization that the implementation of 
the architecture could not be carried out as expected when the architecture was first 
developed, rather the architecture turned out to be filled with technical compromises but still 
retaining the idea of loose coupling between services as explained by a Solution Architect: 
”So we have made such a kind of conglomerate but off cause it is important for us to maintain 
that we operate on services and that the SAP machines are not allowed to call each other 
across domain borders. So what actually seem crazy to a SAP person is that we step up on a 
logical level and down again to come from one SAP machine to another which you could get 
for free if you just plugged a wire between the two SAP systems, ‘just say what you need to 
each other’ in SAPs internal formats. So there we have some normative confrontations once 
in a while because the SAP people don’t think there is anything else than SAP in the system so 
they think that we solve everything with SAP.” [Solution Architect] 
Despite these conflicting perceptions he believes that the company has been able to strike a 
balance and succeeded with remaking the architecture: 
“That balancing act we have made enabled us to do this. There are not very many who have 
been able to do a remake of their IT landscape in a SOA picture.” [Solution Architect] 
In conclusion the architecture vision did not turn out to materialize in exactly the way it was 
initially planned and the journey undertaken was full of surprises and disappointments. 
However an architecture emerged in which the company did in fact go to great lengths to 
reuse components as the architecture was gradually developed. Nevertheless this reuse of 
components was in itself not without problems and the next paragraph will go into more 
details on some of the unintended consequences which were experienced in the wake of such 
reuse. 
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6.1.2 The fear of unintended consequences from unanticipated interdependencies 
The criteria of dependability turn out to play a large role in the implementation of the 
architecture and the fear of unintended consequences arising as a result of unanticipated 
interdependencies is present in the design: 
 “The nightmare is that we change something in some little service which means something for a 
letter without checking the six other letters which are also using this service. And suddenly we are on 
the cover of Ekstra Bladet [Local tabloid newspaper] because we have written to a pensioner that she 
can have 13 million in pension next month and for the rest of her life. So that is the kind of caution 
that causes to behave in this manner. And it is possible that you have to do so if you have a large 
reuse of services. Even though we can delimit ourselves broker vice for it so that you operationally 
don’t have to intervene in source codes of these systems which are requestors you still have to test 
that they can continue their lives.” [Solution Architect] 
This created the paradoxical result that the architecture which was founded on the idea of 
simultaneously realizing economies of substitution through component reuse and agility 
through recombination of loosely coupled components was able to realize this only when 
supported by a number of coordinating mechanisms. 
“But you can have a service repository where you can put some kind of governance on top of it and 
we don’t have that yet, but we talk a lot about having one as this is becoming more and more 
complex.  And we have to be careful about these service operations and how they are developing and 
whether they are reused and that we don’t get some that resemble each other and which one is 
subscribing to this one. So there are many issues in this and so I think that is the next wave of 
standardization” [Enterprise Architect] 
Importantly these mechanisms of coordination in turn imply that some of the flexibility and 
agility to which attention was initially put has been sacrificed to ensure predictability in the 
development and implementation of changes. As the solution architect note the sacrifice of 
flexibility is not an inherent feature of the architecture, but what he labels ‘the bureaucratic 
circus’: 
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”It is mostly for the sake of the bureaucratic circus that we have had to sacrifice some flexibility… 
Because there are no conditions in the system or in our method or in our development facets which 
prevents us from sitting down today and writing this correction to that letter and implementing it in 
fourteen days. There is nothing preventing that” [Solution Architect] 
An important part of this bureaucracy is the release structure which all of the schemes have to 
follow when changes are made to the system architecture. The release structure is closely 
related to the testing activities taking place as part of each release. Although the notion of 
time-to market appears to be an important elements of flexibility there seem to exist a tradeoff 
between time to market and risk, in which under some conditions risk is more critical than 
time as Manager of Process Design explains: 
“For our group customers the decision makers are often politicians and for them the criteria to a 
large degree depend on whether we are actually able to perform, because if we can’t then they lose 
their seat. So there it is not just a question of the cheapest or fastest solution” [Manager of Process 
Design] 
Furthermore fast responses can be shortcut by designing work around solutions which 
however are not viable in the long run. Therefore it appears that response flexibility can take 
various forms: 
“You can always achieve a short time to market; it is just a matter of putting it in Excel or to make an 
Access solution. Flexibility must be a matter of building it in. Our platform must be able to support 
new products for our existing customers ultra-shortly. [Name of customer] is a good example we 
must be able to support that within three months” [Business Architect] 
The tradeoff suggests that the conditions under which it will be beneficial to invest in 
flexibility have several dimensions and that flexibility itself can assume various forms 
depending on the objective. However the reuse of components is fraught with the risk of 
creating adverse and surprising effects, as the Head of Business Solutions and Process Design 
explains: 
Unfortunately we have realized that if you in example reuse a component in SAP, then when 
you copy it you can accidentally not change something or change something too much so that 
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you actually also change something where you copy from. And on that account regression 
testing is quite important, because they did it in the dunning process, that they had copied 
something over in the new solution and then they were not aware that it also impacted. When 
they were then adjusting the new solution it impacted on the old and then the whole trouble 
was on again.  [Head of Business Solutions and Process Design] 
This risk of system level effects of component reuse on schemes in which the component has 
previously been incorporated thus present a case for elaborate testing to ensure that no 
adverse effects occur due to component reuse. 
And that is what we call our platform right. And that is what you need to regression test. We 
are running at the moment, we make changes twice a year, and we are running this weekend. 
And it is a rocket where you are starting all the way down on component level and then go all 
the way up and end with a co-existence test if that is what you have to have. And that process 
you have to have, that is the price for SOA and that is then overly complicated by us having 
many companies in one I have also found out. [Head of Business Solutions and Process 
Design] 
However the introduction of elaborate testing procedures tended to reduce the flexibility of 
the architecture toward local changes which are met with the same requirements for testing as 
major changes. However the platform maintains flexibility toward major changes which are 
supported by the reuse and the standardized procedures: 
”It gives… I don’t think that you should undervalue, that a solution such as scheme C or B, 
our time to market is actually really really god. On gigantic solutions. We can make a 
gigantic solution in two years, others can’t do that. They have to spend four, five years…. In 
return we can’t do anything in less than a year. That is we can hardly make a change to a 
letter. We can’t get a small idea and then say ‘well yes what if all foreigners were to receive 
payments in cash in the café or something’ can we just make that small change. Ohh no, yes 
about nine months, if you are really quick in this house. And that does give some trouble 
because the small tasks are usually the ones which take up a lot of attention because there are 
many of those. So the rumor can quickly have it that it is a crappy platform. Well yes, it is big, 
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but our time to market on the really big ones… We can go out and make a proposal on an 
entirely new solution to [name of potential scheme]. We will be able to take over that and 
implement it in less than two years. That is actually, no one else is able to do that. But we can 
bloody not change a small corner, we can’t” [Head of Business Solutions and Process 
Design]. 
So the paradox is that while the platform enables large changes to be implemented quickly 
compared with competitors, then small changes thought to be straight forward to implement 
turn out to require a lengthy implementation process.  
“Now we are talking components down in SAP where you could have a fundamental 
assumption that the geniuses that are sitting and doing SAP they would know. That when you 
want to reuse ZIBR224-4 then it is because it is running already. So yes it may be, but I don’t 
think you can sit down and make red, yellow and green lights down to SAP transactions, but 
that is basically where the trouble is. They want to reuse transactions which it turns out, that 
we can’t figure out how to use in the first place…. And that is because SAP is theory land 
right. Really, there is a difference between theory and practice and in SAP there are a lot of 
SAP people who know a lot about which things you can connect in theory, but when it needs 
to go into a reality which is that we don’t only live in SAP, that it has to be able to reconcile 
with some other systems or that it has to be able to make letters, then the world becomes 
really complicated. And that is where SAP perhaps doesn’t have its force, to be in 
communication with the outside world.” [Head of Business Solutions and Process Design]. 
As noted by Garud & Kumaraswamy (1995) there are costs associated with reuse, one of 
which consist in the risk of lower performance from reusing components which do not 
function in the new context. The risk mentioned by the Head of Business Solutions and 
Process Design is very real as it present a significant challenge to the project team to include 
components which are assumed to be working but turn out to fail when put into reuse. As can 
be read from the statement such experiences lowers expectations for future reuse of 
components and raise the need for testing. 
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6.1.3 The sequence of the design process 
As described in chapter 5 an important aspect of the development of solution flows is the 
dialogue between process designers and line of business in order to ensure that the solution 
flows constitute an appropriate foundation for the requirements for the final solution. As the 
Head of Business Solutions and Process Design explain, this is not always the case, and she 
explains how this had consequences in relation to the development of a scheme C: 
IT were pretty quick, but that was then a resource issue right. The put in the resources to early in 
connection with drawing the technical solution so we had not drawn the business solution when they 
drew the technical. That is a traditional mainframe approach right. Here is the system, it is so and so 
and that is what you can get. Then you are not allowed to spend the money twice drawing a new 
technical solution. That gave some trouble. [Head of Business Solutions and Process Design] 
As a consequence the dialogue with business was restricted with the solution design already 
in place which suggested central aspects of the final IT solution to underpin the process 
design. With this in place more fundamental business requirements were locked and 
consequently remained out of scope. Furthermore a challenge is that new ideas often arise 
through the modeling itself which is not always compatible with the models place in the 
development process:  
“When you model something then it is only ok to model it until you start to work with it, and that is 
what we are struck by all the time. It is the thing about getting new exciting ideas when you are 
modeling. Because those who model frequently get new exciting ideas, that is actually what they are 
most good at. The thing about not getting ideas that is quite hard. And it is quite difficult when you go 
in and use this as the foundation for an entire development process. We test on the basis of this. Once 
you have been in production which you have tested, then you need to be able to retest, then it is no 
good if you change it. You constantly have to keep a documentation of what you've done because that 
is what is in production and it is actually what you have an agreement with your provider that they 
need to maintain. So you get a schism which is new and old, how do you maintain several generations 
of the same. And that we have had to learn along the way.” [Head of Business Solutions and 
Process Design] 
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6.1.4 The variety across schemes and the difficulty of generalizations 
A critical aspect of reuse is the ability to generalize processes to allow the same process to 
encompass heterogeneous requirements. The difficulty arises as generalizations at the same 
time reduce the ability to meet the specific requirements of the individual scheme and require 
more time for development. The challenge of generalizing, which in some cases makes reuse 
difficult, is the specificity of the individual schemes. Although the schemes are either pension 
or insurance like, variety across the schemes does exist and it sets different requirements for 
the process design. On abstract levels of detail the specificity of the individual scheme can 
remain hidden but when detailed specification is required it emerge as described by a solution 
architect: 
“Once we get down on the IT side, then there are some variants which means that there is not exactly 
a 100% match. In theory there is a pretty good match and everything looks fine, but then we go down 
under the hood and see that this scheme varies a bit. And that is about where we are also with this 
scheme.” [Solution Architect B] 
The variety of the individual schemes implies that although it is possible on an abstract level 
to reuse entire processes as modules, most often there are subtle differences in the way that 
the individual scheme operates which necessitates specific changes to be made. Consequently 
it is often components of processes or component interfaces which are reused rather than 
entire processes. Furthermore the requirements set ‘under the hood‘ also implies that in some 
situations it is necessary to change a component in order to enable it to be reused on a 
different scheme, simply because the new scheme sets different requirements not anticipated 
when the component was first developed. 
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6.2 Chapter summary 
This chapter has analyzed a number of challenges which have been encountered in the course 
of developing the architecture. While some of these challenges relate to technological 
expectations which turned out not to prevail, others are directly linked to the intention of 
standardizing and reusing components. Interestingly the reuse of components across multiple 
processes and financial schemes has the implication that in some cases they have 
compromised the trust in system level performance. This is caused by the experience of 
changes at component level having cascading effects. As such a risk is not tolerated in the 
organization; initiatives were put in place to mitigate such effects. These initiatives will be the 
topic of chapter 7 
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Chapter 7 Control mechanisms and coordination 
Based on the identified challenges discussed in the previous chapter this chapter suggests the 
ways in which managers and designers have attempted to mitigate the unintended 
consequences and problems following from the application of principles of modularity. A 
number of control and coordination mechanisms have been established in order to counter 
some of the problems occurring. These mechanisms however are not neutral in the sense that 
they have their own effects on performance objectives and in consequence result in the 
paradoxical effect that while solving some problems arising as a consequence of the modular 
system, they at the same time influence objectives by introducing rigidities that undermines 
the flexibility which was initially thought to be compatible with other objectives. 
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7.1 Results controls through budgets and business cases 
Throughout the development of the projects an important reference point has been the initial 
improvement catalogue which was developed before the implementation began. In 
collaboration with line of business process designers tried to identify opportunities for 
optimizing the individual processes to realize savings or improve service quality. This process 
resulted in a catalogue of improvement opportunities which were further scrutinized during 
the initial project development to arrive at a business case specifying the intended changes to 
the process as well as the expected costs and benefits from this. The approved business case 
formed the baseline for the subsequent scoping of the projects thereby setting the financial 
limits to the individual project. The project budget thus acted as the frame in which the 
individual projects could navigate and thereby set boundaries for project activities. 
While this is a natural and important role of budgets the question in an organization which 
seek to promote standardization and reuse of components is that as it is often costly to 
develop a reusable component, which project should bear its development costs. Likewise an 
important question is which project should bear the cost of reworking a component which fail 
to be reused. There did not seem to be clear mechanisms to allocate development costs of 
common component across projects. Consequently there was little first mover advantage 
involved for projects including new technology and developing new components. This 
paradoxically has the effect that while working to control the cost of the individual project, 
there is a risk that overall architecture principles can be discouraged.  
7.2 Action controls through administrative procedures 
In addition to installing results controls a number of action controls were established in the 
form of administrative procedures to govern projects and changes made to the architecture. 
These will be elaborated on below. 
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7.2.1 Release structure and testing 
In order to manage changes made to the system architecture a release structure was 
implemented to ensure that proper testing were taking place before changes was being 
implemented in production. 
”Once a scheme has been implemented on the new platform then they will enter a release 
structure with two annual releases where new functionality can be added or where you can 
change what you want to change. And when Peter is putting the next one on then it also 
enters the release structure in the two annual releases, for better or worse” [Enterprise 
Architect] 
The consequences of the platform design was that it became relatively easy to implement a 
new scheme on the platform as long it was relatively similar to existing schemes because of 
the ability to reuse components. But at the same time component reuse across schemes 
increased the need for testing when changes to components were required. The testing 
requirements increase the cost of making even minor changes to existing components and 
cause a quite lengthy process. To manage these changes they were included in bi-annual 
releases of new versions of the architecture which from a business perspective implied that 
even small business changes would be part of major implementation projects. Factually 
changing a service is a minor thing, provided that it works without having unintended effects. 
This provisional statement is important however as it raises a concern which have major 
effects.  
The concerns for agility of the architecture require trust in the specifications made and the 
ability to anticipate in advance any adverse consequence of even minor changes. This concern 
was met with concerns of the risk of failures at the system level. “What happens if we add 
this particular field to this particular service which we have reused extensively across our 
platform?” – “Could it result in us ending up sending a collection request of several million 
DKK per month to a pensioner which would bring us on the front page of the tabloids?” We 
better test that what worked before we changed the service also works after the change, just in 
case.  
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The technological promise of agility conductive to change was thus met with the concern for 
stability and predictability. Modularity of systems thus requires an ability to anticipate in 
advance the necessary interface specification to contain what would otherwise be system level 
effects to modules. The inability to contain such effects thus entail a risk that component or 
module level changes propagate to system level effects. As noted by one Solution Architect: 
”That there have been too many bugs in connection with launches has been the observation 
that has been made. And we have been attempting to counter this by setting this entire 
administrative hell in motion. I don’t know if it was the right thing to do but we have in any 
case done a lot to launch less frequently and gather in what we call releases and then you can 
achieve a testing of it in a reasonable way. And that is then very expensive to do, while we in 
reality also have 1.000 problems when trying to change three or four things at the same time 
in such a system as this, then the testing burden can become quite large” [Solution Architect] 
So while the release structure has the implication that changes are made less frequently it at 
the same time has the consequence that many changes occur simultaneously which make it 
more complex to test the effects of these changes.  
“It is possible that we have gone too far in establishing a bureaucracy to ensure a quality in 
the deliveries. That there is simply too much bureaucracy. You have to have what we call gate 
passage which is a governance thing where you say which projects we have, which projects 
we then want to launch and which are on hold and that kind of thing. So the projects have to 
for instance deliver drawings like these [BPMN 2.0 process flow documents] before they are 
allowed to go to green gate so that you can prove that we are in control of what we are 
developing and then are allowed to start. And quite a lot of paperwork has to be done and test 
plans and test managers etc. And that costs” [Solution Architect] 
The bureaucracy thus place major requirements on the change projects which ultimately 
involve a cost for the design. A business developer explains how she has difficulty explaining 
these costs to line of business: 
“But I experience how I have to defend how it can be that it cost xx million to add a scheme 
when it is just reuse. That is because it is not just reuse and because it is not ‘just’. It is also 
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testing. The whole test assignment when you reuse is massive exactly because you reuse.” 
[Business Developer] 
To which the solution architect adds “Exactly because you reuse you have to do a lot of 
regression testing”. [Solution Architect] 
It is interesting to note that these costs arise not because the architecture principle of 
component reuse is not followed, but exactly because it is so. Thus component reuse resulted 
in unintended consequence of failures and fear of such which prompted a need for 
establishing testing procedures. These procedures are working to increase the dependability of 
the architecture but are themselves producing the unintended consequences of stifling the 
ability to make changes.  
 “In reality it is right and we are also ourselves a little disturbed about the costs for us. And 
we have possibly put in place too large a bureaucratic system. You can hardly do a database 
transfer which ought to be a very minor issue without having to appoint a test manager and 
write test specifications and VBT’s. That is it has become a bit rigid for us. In order to raise 
quality we have instated a large bureaucracy which we are suffering from” [Solution 
Architect] 
The changes which necessitate testing are related to the IT services and how they are 
implemented in the applications. The challenge is that instead of only having to test on one 
scheme it is necessary to test that all of the schemes which are using a particular service are 
still functional after the change. The testing associated with a change is thus increased and 
thus become a growing workload as more and more schemes use the same services. 
“If we alter in the backend implementation of a service, even though we say that the existing 
systems can still run because they don’t receive any new data, you have still altered the 
implementation. So basically you have to demonstrate i.e. by firing some existing test cases 
which you had when this was developed in order to show that your calculations are still 
providing the same results. But it has to be done and it is a cost which you have to accept 
when you want ‘one organization - one system’… Then you are living together and as we are 
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adding more and more schemes it is becoming apparent for us that here is suddenly a 
drawback for us with a lot of tests” [Solution Architect] 
The Business Developer describes how the whole architecture is perceived as inflexible as 
what the business consider minor changes i.e. to a particular letter quickly turns out to be 
considered a major change which has to follow the release cycle and testing requirements: 
”But that is one thing that is flexibility in the schemes that are already running, if there are 
changes then it is not experienced as flexible you have to say…. An example which you would 
think to be simple was a letter that have to be changed where a new variable needs to be 
included, that is new functionality. In principle that has to be introduced in one of the 
biannual releases and then you are standing there with a customer advisor who has a letter 
‘is just have to say, it is in the system, it just have to go there’, yes but you have to announce 
it in due time before these releases and then there is almost a year until you can have this 
letter implemented. Of course this is not true if there are legal requirements then we will 
implement it somewhat sooner. But it is clear that flexibility if we have to comply with the 
bureaucratic circus that is…” [Business Developer] 
The logic as she points out is clear: 
“The argumentation is rather clear in that letter, there has to be fiddled with a service to get 
this extra figure up in the letter. When you fiddle with a service, then there may be someone 
else using it, then we have to regression test it. We only regression test in the bi annual 
releases, we don’t do that in the monthly releases. So it is to ensure quality. You can then 
discuss whether you achieve that in the individual specific incidences, but again if there is a 
legal requirement then we would have applied for exemption and then it will be in the 
monthly release and then you take the risk there is.” [Business Developer] 
Thus while it is possible to apply for exemption in the case of changes to the legal 
requirements to a scheme the general case is that any change to services is to be treated in the 
bi-annual releases. 
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“Once in a while we observe that we form what is called task forces, which are autonomous 
projects of relatively small groups, eight to ten people I would typically think. And they are 
independent of releases and they are typically being given assignments to which a quick 
response is wanted and they then test and implement it. So to the extent that the business can 
agree and there is sufficient power behind a need then we do solve it around these releases” 
[Solution Architect] 
7.2.2 Integration contracts 
Another coordination mechanism is the establishing of contracts which govern each 
integration between domains. As a project manager explains this procedure was established as 
the complexity was increasing with a growing number of integrations in which confidence 
was deteriorating: 
“There is a contract for each integration. We have simply had a department who have been 
making those, or a team. And we have actually spend a lot of efforts on that because in the 
beginning they were just supposed to agree and it just sailed. Then [Name of individual] 
together with some people were asked to get it under control and it has actually been a full 
time job since then.” [Project Manager] 
To which the Enterprise Architect adds:  
“I think there were five man working on this at one point. And there is a system integration 
policy as a basis for it. And the integration contracts are drawn on the solution designs, that 
is when you have a solution design you can see the integration contract itself between two 
domains.” [Enterprise Architect] 
Each integration contract specifies how information flows from one system domain to another 
and the responsibility for setting up the appropriate integration contracts has been assigned to 
the individual domains.  
“Fundamentally I am responsible for in/out (domain for handling payments) having an 
integration contract which is in place and that they have documented it, but they still have to 
carry it out. It is as mentioned fundamentally on the integrations. Domain tests usually go 
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very well, but when we then have to do integration tests then things come crashing down.” 
[Project Manager] 
Interfaces are thus essential and vulnerable spots in the architecture and in the eyes of one of 
the solution architects the interfaces are in effect what are primarily reused: 
“And then we off course try to reuse as much as possible, and reuse to me is. To the business 
it has a lot to do with us reusing the entire process, like the payment process which we reuse 
completely. Reuse to me is to reuse our interfaces so that we reuse the XML structure the XSD 
we are sending between two systems.” [Solution Architect B] 
The risk is that what falls between the domain boundaries often have a tendency to be ignored 
and consequently result in problems later on. 
That is very much my take, that here (in regard to integration) we have some reuse and then 
we off course have some functionality in the domains, but that is actually more the 
responsibility of the domains that we reuse there, so that is the project manager on the 
individual domain, the domain architect. I am a solution architect so that means that I have a 
focus on the interfaces, I focus on the division of work between domains. That nothing falls 
between. In this SOA landscape that suddenly someone thought that IDA (domain for 
handling stakeholder information) that it was a part of ’stakeholder’ and in reality then it 
should have been part of ’Core II’, so that nothing falls between two chairs.” [Solution 
Architect] 
In order to facilitate the reuse of integration contracts they consist of two parts mediated by a 
broker which handle the actual run of the interfaces. 
“You simply use the same integration contract or the same format. It is so that we have 
supplier contracts. Any integration here consist of a provider contract which is the providing 
domain, that is rather important to understand in relation to reuse, and then it consist of a 
user contract which is the using domain that is. You can say that the user contract we have to 
reuse for different users, whereas we make a specific provider contract for each domain and 
then we enter a queue into our service bus.” [Solution Architect] 
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7.3 Personal and cultural controls through standardized methods  
Finally it proved important to establish common norms around the methods used during 
development. This was partly due to the number of different parties working on the same 
project with each of their own methods of documentation etc. However it was also due to a 
realization that documentation is crucial when design is undertaken with an intention for 
subsequent reuse. As the enterprise Architect notes, there was a lack of common methods 
which have impacted the process of development as:  
“We also have to learn that we are not all going to be artisans. Especially when you are 
working in a SOA world, then you really have to, it is no use that I would rather do 
integration contracts in this way, no I would rather do it this way. It simply is no good. We 
have to have these common rules of the game in one way or the other. So that I think is a 
learning, and I think it is going to be difficult” [Enterprise Architect] 
As the solution architect point out some of the IT vendors have their own methods of 
describing and documenting aspects of the literature. A specific example is the integration 
contracts which as discussed above are considered a crucial aspect of the architecture. In 
consequence integrations are documented twice using two methods which result in an extra 
layer of documentation with the risk of inconsistencies: 
“And then SAP and Core II found out that they didn’t want to work with our integration 
contracts because they don’t know those in their development model. And we sort of bought 
their development model when we bought their standard system, so they work with something 
that is called IDD’s (Interface Detailed Definitions), so there is a link between IDD’s where 
they describe their interfaces and our integration contracts. (Interviewer: What does that 
mean in practice?) In practice it means that there is some double entry bookkeeping. That 
means that people are speaking in different languages so that the SAP developers sort of 
speak in their own language and if we need to have something through our broker then we 
need to speak another language with them. So just very inappropriate. There are no other 
domains other than in/out and Core II which work with IDD’s. It is difficult for in/out and the 
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cores because it is really a lot of documentation which is in the IDD’s and ADD’s” [Solution 
Architect] 
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7.4 Chapter summary 
This chapter has discussed how the case company in the process of developing the 
architecture have used and developed a number of different management control mechanisms 
as a response to the problems arising due to unintended consequences during the development 
of the architecture. While these management controls were intended to ensure the 
development of the architecture without risking ’catastrophes’ from unintended consequences 
they have also had an impact on the performance of the architecture and the efforts to 
modularize through standardization and reuse. This is an interesting finding as it is often 
assumed in the literature that modularity provides embedded coordination why little attention 
is given to the coordination mechanisms needed to develop the architecture in the first place. 
These mechanisms are in line with the suggestion of Garud & Kumaraswamy (1995) and it is 
interesting to find that they have implications for the architecture which warrant further 
investigation.  
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Part III 
Conclusions and Discussion  
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Chapter 8 Conclusions 
This thesis have discussed and conceptualized the variables mentioned above within the 
context to a claim handling process of a Danish financial service provider. The company has 
been attempting to design its processes with the intent to standardize and reuse service 
process components across the range of financial services it administers for its customers. In 
the application of processes across a number of financial schemes, variety however is caused 
by specific characteristics of the individual scheme. The case study thus indicated a number 
of tradeoffs that need to be considered when redesigning the service system. For instance, 
reusability of processes does not appear as simple as management believed to be, even when 
they are standardized. This thesis contributes to existing literature in operations management 
by suggesting a way to measure the structural characteristic of the service process architecture 
and thereby provide designers with reference points in the design of processes to evaluate the 
consequences of different design options.    
The case study provides the basis for application of the service modularity function within a 
specific empiric context through decomposing the service process architecture and identifying 
the relevant concepts for measurement. The thesis thus provides the basis for further 
estimation and evaluation of the degree of modularity embedded in the service process 
architecture and provide insights into how management and researchers can conceptualize the 
complexities of service processes into measures so that they can be monitored and controlled. 
Assessment based on the service modularity function may thus provide managers and process 
designers with information for evaluating the degree of standardization and reuse across the 
process architecture. Such information together with simulation and analysis could prove to 
be useful for the design decisions involved with process development 
Based on the conceptualization of the modularity of service processes the case study also 
revealed that the design and implementation involved a number of unintended consequences 
to which the organization responded by constructing a number of coordination and 
management control mechanisms. While these served to reduce the problems experienced in 
the design and implementation of the process architecture, they also impacted performance 
outcomes by reducing the flexibility of the architecture. The study thus demonstrate that 
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although service orientation ideally suggests a new paradigm for system development which 
is intended to increase flexibility and agility of businesses through configuration and re-
configuration of existing loosely coupled components this technological change is not a 
substitute for the coordinating role of management. The case company initially embraced the 
architectural principles of service oriented architecture but in the process of designing and 
implementing these principles they were challenged in part due to technological 
considerations but also because of the realization of unintended consequences which required 
the construction of coordinating mechanisms to increase the resilience of the architecture and 
avoid the risk of system level failures due to component reuse.  
Figure 22 Model of the dynamic effects of modularity in service processes 
 
Source: Own construction based on observations from the empirical study 
As discussed in chapter 2 most of the literature on modularity has focused attention on 
identifying types of modularity (classifications and typologies), ways of achieving modularity 
(product / process development), its effects on product and process outcomes (intended 
consequences) and the relationship to performance outcomes. Traditionally little attention has 
been paid to the un-intended consequences of modularity. Recently however a stream of 
literature has emerged which have highlighted that modularity is likely to have implications 
on innovation (Fleming & Sorensen 2001) and other performance outcomes contrary to 
expectations. Furthermore, some authors are questioning the straight direction in the 
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development of modularity often assumed in the literature on modularity (i.e. Garud et al. 
2008). This literature suggest that in practice achieving modularity may often be more of an 
emergent practice as important interfaces and interdependencies often show up late in the 
development process. Figure 22 suggest that the relationship between efforts to achieve 
modularity and performance outcomes may be more complex than suggested by much of the 
literature on modularity. On the basis of the results from the case study presented in preceding 
chapters the following discussion concludes by elaborating further on the elements of figure 
22. 
In the case organization several efforts to achieve a modular architecture were identified in 
relation the development of a new system and process architecture which was intended to be a 
common platform across the individual financial schemes. The transformation was thus from 
a situation in which scheme was operating independently from each other in an integrated 
way, to a situation in which a platform of shared components would be used to configure the 
individual scheme. 
From a line of business perspective this involved the creation of process components by 
which the organization was attempting to build and structure the processes of the organization 
into a decomposable hierarchy from which generic processes could be chosen to configure 
existing and new service offerings. A primary concern was thus to generalize processes so 
that they would be able to function across schemes through reconfiguration. In the system 
architecture IT services were considered components with the architecture build on the 
principle that IT domains expose services which are delimited areas of functionality that can 
then be orchestrated together to provide the system support needed for executing processes. 
The principles stated that functionality should only be built once and subsequently reused 
across the different financial schemes. In order to do so the architecture would contain an 
orchestration layer (an enterprise service bus), which would be acting to provide bus 
modularity, by which the individual services are used (called). The information exchanged 
was specified through the use of integration contracts which detail the information exchanged 
by the service. 
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In order to establish the architecture models were used extensively to capture the different 
views of the architecture. These representations included information models, domains 
models detailing their services and process models with different levels of processes.  
Modularity by definition implies only limited interdependence between modules in a nearly 
decomposable architecture in which standardized interfaces specified a priori govern the 
interrelationships between modules. Consequently the process of specifying interfaces 
supersedes managerial coordination and provides what is designated as an embedded 
coordination. This allow the modular architecture of products and services to be mirrored in 
corresponding modular organizations to a point at which the standardized interfaces suggest 
places where transactions are likely to occur. Theories of modularity thus suggest that 
modularity is likely to result in loosely coupled organizational forms in which living up to 
interface requirements is sufficient to enable the working of the system.  
The modular architecture enables the reuse of components through their standardization and 
mixing and matching thus facilitate variety without sacrificing efficiency through the 
economies of substitution (Garud & Kumaraswamy, 1995). From the case study it is clear that 
reuse is indeed thought to have enabled faster configuration of new financial schemes based 
on existing components within the architecture. This requires that new financial schemes are 
similar to what have previously been implemented in order for the reuse of existing 
components to take place.  
Recent studies investigating the benefits of modularity empirically have found mixed effects 
and a number of studies have revealed that modularity can also be associated with a number 
of effects other than the proclaimed benefits (Miozzo & Grimshaw, 2005; Zirpoli & Becker, 
2011). The process of interface specification itself requires detailed knowledge and ability to 
anticipate in advance the interdependencies. However these are often difficult to anticipate a 
priori and unidentified interdependencies can impact the dependability of the architecture. In 
practice this has shown itself as emergence of design rules rather than being designed a priori. 
Important interdependencies themselves have an inconvenient habit of sometimes being 
hidden until they show up in unanticipated ways requiring actions to be taken to remedy 
effects resulting from the interdependence. 
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Although the company followed a modular architecture with outsourcing of IT development 
to third party vendors, management of the architecture still required the coordination and 
visualization of solutions in representations in order to ensure a working solution on a system 
level. This generated the problem of different vendors using different models of 
communication raising a need for standardizing the way the business and it systems were 
modeled and meta models translating the documentation of the IT systems into business level 
requirements and vice versa. A layer of integration contracts which provided detailed 
interface specifications was thus established to ensure the dependability of interfaces. The 
process of establishing these emerged as a consequence of the realization that ‘it was a total 
mess’ and in order to have interfaces ‘under control’. But even with detailed interface 
specifications there was still not a sufficient level of trust in the architecture to maintain 
confidence in a working solution. The fear of experiencing major failures which would have 
consequences externally thus prompted requests for detailed testing procedures.  
A further difficulty lies in maintaining competences to evaluate component level performance 
when the development of IT applications have been outsourced to external vendors. This 
raises the question of how to ensure the quality of components and anticipate 
interdependencies with other components. The benefits of reusing components are thus only 
obtained when the components being reused are actually living up to their expectations.  As 
explained this did not always turn out to be the case and created frustration and 
disappointment when components had to be reworked in subsequent implementations. One 
problem with reuse in this case is that given that components were thought to have already 
been implemented attention to the need for rework showed up later and with less 
appreciation. 
The study has shown how different performance criteria interact as the concern for quality 
and dependability displaced the concern for flexibility. The risk of ending on the cover of a 
tabloid newspaper outweighed the consequences of imposing a bureaucratic solution to 
ensure dependability. Paradoxically this resulted in the platform being flexible in relation to 
major changes but inflexible in relation to small local changes. The study have thus shown 
how the development of an architecture based on principles of modularity is a dynamic 
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process in which multiple performance criteria are at stake and are affected by the intended 
and unintended consequences of the actions and compensatory actions taken. The case study 
have shown  how as a result of the emergence of unintended interdependencies the company 
decided to initiate a number of mechanisms of coordination in order to reduce the number of 
changes made to processes and systems. The relationship between such compensatory actions 
and performance outcomes should be taken into consideration when attempting to capture the 
consequences of modularity. 
The important lesson from the case study is not so much that efforts to achieve modularity 
can have un-intended consequences, but more that actors in light of their own actions 
continuously engage in a process of acting to respond to these consequences. This reflexive 
praxis of actors thus results in the emergence of different mechanisms which are intended to 
obviate the unintended consequences and make the efforts work despite the problems they 
create. The case study thus showed how the efforts to achieve modularity were thought to 
reduce the complexity by lowering the number of components through reusing these. 
However the reuse of components across different financial schemes resulted in the 
emergence of new complexities as interdependencies between financial schemes 
unexpectedly began to appear. These interdependencies were caused by changes made to 
components which despite being perceived to be contained to the individual financial scheme 
turned up to have cascading effects across the platform. Thus exactly because components 
were indeed being reused across the platform in accordance with the intentions of the efforts, 
they had the un-intended consequence of increasing system level effects across the platform. 
In principle such system level effects are reduced by the modular architecture by the 
standardization of components and a priori specification of their interfaces. However this 
assumes that it is possible in advance to fully specify interfaces. However the case study 
shows that this is not always the case, as reusing components in different financial schemes 
often required minor changes to be made. Such changes could include making an instance of 
an IT component to which another field of information is added. Such an addition would 
require that not only the new instance of the component be tested but that regression testing 
be performed in order to identify system level effects.  
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The observation that system level effects were occurring in response to changes made to 
components led to increased emphasis on following a bi-annual release structure in which any 
change has to be documented and tested before it can be released into operation. While this is 
enabling the testing efforts to reduce the number of unanticipated system level effects and 
therefore increase the reliability and trust in the system it also implies a slowdown in the pace 
of changes made to the system. While fewer changes to components also serve to reduce the 
risk of unintended system level effects it impact the perceived flexibility of the system, as 
even minor changes now require major documentation and testing efforts and basically have 
to follow the same cycle as major changes. Thus while the benefits of modularity in principle 
are associated with flexibility to rapidly make alterations to products and services through 
mixing and matching, the consequences of the actions taken to mitigate the unintended 
consequences of system level effects actually appear to reduce flexibility.  
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Chapter 9 Discussion 
While the previous chapter presented conclusions based on the case study this chapter will 
discuss these in relation to their implications for theory and practice. The conclusions have a 
number of consequences to the literature on modularity as well as to practice constituting the 
contributions of this thesis.  
9.1 Implications for theory 
As discussed in chapter 2 the literature on modularity frequently assumes that identification 
and specification of interfaces can take place a priori. While designers are certainly spending 
much effort in attempting to do so, this study questions whether a priori interface 
specification is a useful starting point and assumption in a theory of modularity. Although it 
would be desirable, the study shows that important interdependencies can show up 
unexpectedly as consequences of imperfect interface specification or changes made due to 
unanticipated needs. These unanticipated interdependencies however have important 
implications as they influence the perceived dependability of the architecture. Such effects 
have a relationship to the actions taken to mitigate them suggesting that a more dynamic 
understanding of modularity is called for. 
In service modularity it is thus questionable whether the effects of modularity can be 
measured as a direct cause and effect relationship between efforts and performance outcomes. 
It is observed that managers and designers when experiencing unintended consequences 
attempt to build mechanisms which mitigate these. However such efforts are not neutral and 
warrant attention as they influence performance outcomes as well as the efforts to achieve 
modularity. In order to achieve a dynamic understanding of the role of modularity in service 
processes such mechanisms should be studied as well. 
While the case study highlights the need for a more dynamic understanding of the design for 
modularity it nevertheless demonstrates how the literature on service operations management 
would benefit from the study of modularity. As discussed in chapter 2 profound changes to 
the way work is organized is taking place based on the enabling role of information and 
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communication technology. Benefitting from this change requires service organizations to 
acquire the necessary skills to build and manage architectures of loosely coupled processes 
and systems. However as the case study has shown building such capabilities is not 
straightforward. Although only few studies of modularity have investigated the role of 
management control in achieving modularization (Jørgensen & Messner 2009, 2010; 
Israelsen & Jørgensen 2011; Thyssen et al., 2006) the case study reveals how the establishing 
and use of controls became central to the efforts to implement the new architecture. The case 
study thus point to a more dynamic understanding of the process of modularization in which 
designers and managers engage not only in trying to anticipate the consequences of actions in 
advance, but likewise in building mechanisms which can mitigate the effects of unanticipated 
consequences of actions.  
This finding echoes the importance suggested by Garud & Kumaraswamy (1995) for firms to 
establish “systems, structures and incentives to encourage the creation of reusable 
components”. Surprisingly however the literature on modularity has only paid scarce 
attention to the role of these elements in the process of achieving modularity and has instead 
focused much effort on identifying typologies of modularity and evaluating the proposed 
relationships between modular structures and outcomes of performance. One reason for this 
may an assumed ability to anticipate interdependencies a priori in the development of 
modular structures which consequently eliminates the need for coordination or in other words 
provides embedded coordination. While this may be an important source for many of the 
proposed benefits of modularity the case study shows that inabilities to anticipate all such 
interdependencies or even the risk of such inabilities may also have implications on 
coordination. Within the literature on modularity the work of Türtscher (2008) is a notable 
exception in which focus is instead turned to the mechanisms through which the inabilities to 
identify interdependencies and specify interfaces in advance are handled throughout a 
complex development project. Türtscher thus turns the assumption on its head and addresses 
instead the question of how in the face of unexpected interdependencies between modules the 
development can be managed. He found that an elaborate process of trials were established 
throughout which researchers from different projects would negotiate to resolve technical 
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controversies as they arose as it would be impossible to anticipate each and every 
interdependency in advance (Türtscher, 2008).  
In a broader perspective the thesis has implications for the modularity theory of the firm as 
discussed in chapter 3. The concern within transaction cost economics has primarily been on 
understanding the alignment of governance to transaction characteristics as a way to 
economize on transaction costs. The technical aspects of products and their production are to 
a large extent considered given with transactions and their characteristics following from a 
given technical context. This contrasts with the concern within the modularity literature on 
shaping the characteristics of technical systems through (re)defining their components and 
interfaces. Thus whereas transaction cost analysis is concerned with static comparative 
analysis the modularity theory of the firm would predict that the choice to modularize a 
process would affect coordination mechanism within and across organizations. Achieving 
mutual independence can result in reduced asset specificity and thus lower transaction costs. 
Organizations that prefer market transaction can in effect modularize activities in order to 
achieve what Baldwin refer to as “thin crossing points” between modules, where transaction 
costs are lower (Baldwin, 2008). Vertically integrated organizations are thus a non-modular 
reply to the need for interaction between elements in which the alternative is modularity and 
market interaction (Langlois, 2002). A consequence of modularity can thus be vertical 
disintegration and outsourcing and thus a determining factor in the evolving of industries 
(Schilling, 2000; Schilling & Steensma, 2001) and modularity may potentially have affects 
the governance structure of inter-organizational relations and the use of control mechanisms 
(Tiwana, 2008).  
Based on organizational economic theory modularity is thus suggested to result in arms-
length transactions due to the standardization of interfaces and loose coupling of components. 
Although this may be the case study provide an example of the importance of maintaining a 
number of coordination mechanisms in addition to the standardized interfaces of components 
in order to achieve a working architecture. It also point to the importance of maintaining 
within the firm the competences necessary to understand and anticipate interdependencies 
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between components as well as the ability to evaluate the workings of individual components 
suggesting the role of maintaining system integration skills. 
This thesis thus points to the need to include in the theory of modularity the dynamics of the 
process of modularization requiring the study not only of the relation between modularity and 
its intended outcomes but also its unintended consequences and how they relate to the 
purposive actions of knowledgeable agents. Undertaking such research requires the study of 
micro level processes within organizations undertaking efforts to achieve modularization of 
technical systems. In the context of service processes this thesis has argued that such research 
would benefit from adopting a practice lens to the study of organizations as this allow.  
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9.2 Implications for practice 
The thesis has several implications for practice as it firstly raises the concern for architectural 
capabilities within services as a response to the characteristics of services. However the thesis 
also through the case study research method point to some of the difficulties of establishing a 
modular architecture. As argued above this has not received significant attention within the 
literature on modularity but seem to be a potential explanation for the great number of SOA 
projects which have failed to realize expected results. In recent years there has been growing 
interest in SOA governance which seem to be in line with the observation that management 
control mechanisms are indeed needed in order to avoid an unstable architecture in which 
reuse of loosely coupled components result in unintended consequences at the system level. 
However the implications of the mechanisms of control on the performance of the 
architecture as well as the efforts made to achieve modularity also seem particularly 
important. There thus seem to be value to be gained by developing an understanding of how 
such mechanisms can achieve intended stability of the architecture without sacrificing the 
flexibility and agility intended by the architecture in the first place. This may involve careful 
considerations as to how costs are allocated to individual projects developing and using 
common components. It may also involve the development of a better understanding of the 
components that are critical to the stability of the architecture in order to concentrate 
managerial efforts around these while maintaining less rigidity with regard to those 
components which are less critical.  
Alternatively a greater understanding may be gained regarding the notion of flexibility of the 
architecture. As the case study revealed the architecture was indeed considered quite flexible 
in certain regards, while very inflexible in other. Flexibility can thus be many things and the 
ability of the platform to rapidly include new services may not be the same as flexibility to 
quickly adjust existing services. Flexibility at one level can thus require the architecture to be 
rigid at another level in order to ensure its dependability. The case study further highlight the 
need to appreciate the complexities ‘under the hood’ when engaging in efforts to modularize 
service processes such as the difficulties in making processes generic due to different 
requirements posed by different customer groups. Finally the thesis suggests the importance 
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of the mechanisms surrounding the architecture, i.e. the mechanisms that are set in motion to 
ensure that objectives are met in the face of un-intended consequences. It is important to 
appreciate that such mechanisms themselves have consequences for the performance 
outcomes and can thus impact the objectives of the architecture.  
9.3 Limitations and further research 
Through the use of a case study research strategy this study has tried to demonstrate the use 
of the service modularity function to investigate the structural composition of service process 
architecture and how modularization unfolds and challenges the architecture. Although the 
case study method is a powerful research strategy to investigate and understand complex 
relationships in their context this value can at the same time reduce the degree of scientific 
generalizability due to the low-n case study research design.  
The case study provides the basis for application of the service modularity function within a 
specific empiric context through decomposing the service process architecture and identifying 
the relevant concepts for measurement. The thesis thus provides the basis for further 
estimation and evaluation of the degree of modularity embedded in the service process 
architecture. Such measurement will provide the basis for more elaborate comparative 
assessment of processes within the process architecture.  
Through future research I hope to gain further insights into how management and researchers 
can conceptualize the complexities of service processes into measures so that they can be 
monitored and controlled. Assessment based on the service modularity function may thus 
provide managers and process designers with information for evaluating the degree of 
standardization and reuse across the process architecture. Such information together with 
simulation and analysis could prove to be useful for the design decisions involved with 
process development. 
The service modularity function assumes that all nodes are free to communicate with other 
nodes. While this provides a valid assumption in the case of services it could nevertheless be 
interesting to apply actual interactions between components in an effort to estimate degrees of 
coupling. With empirical data from the transactions of service processes it would be possible 
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to connect components through the use of network analysis and estimate degrees of coupling 
to provide a measure which both take the characteristics of components and their structural 
composition into consideration. 
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Appendix 3 Factor analysis of co-occourences 
 
 
Eigenvalue cut-off point chosen: 1,75 
Resulting number of components: 20 
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SALVADOR F, 2002, J OPER MANAG, 
V20, P549 
,478 ,104 -,097 -,071 ,371 ,060 -,063 ,242 ,116 -,011 -,057 -,066 ,067 ,001 ,015 -,129 -,130 -,055 ,163 -,004 
SCHILLING MA, 2000, ACAD MANAGE 
REV, V25, P312 
,438 ,245 ,291 ,006 ,009 -,001 ,136 ,138 -,018 -,140 ,009 ,141 ,217 ,115 ,151 -,090 ,238 -,088 -,090 ,160 
FIXSON SK, 2005, J OPER MANAG, V23, 
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ULRICH K, 1995, RES POLICY, V24, P419 ,382 ,153 ,194 ,000 ,084 -,053 ,212 ,161 ,254 ,142 -,002 -,030 ,267 ,054 -,046 ,037 -,040 ,036 -,154 -,067 
PIL FK, 2006, ACAD MANAGE REV, V31, 
P995 
,337 ,280 ,060 -,028 -,038 -,055 -,011 -,030 ,008 -,141 -,135 -,115 ,013 -,054 -,072 -,288 ,044 ,160 ,103 ,142 
STURGEON TJ, 2002, IND CORP 
CHANGE, V11, P451 
,027 ,684 ,074 ,031 ,008 ,003 -,091 ,044 -,062 -,041 ,111 ,008 ,067 -,008 -,096 -,102 -,211 -,033 -,089 -,024 
BRUSONI S, 2001, IND CORP CHANGE, 
V10, P179 
,170 ,664 ,058 ,095 -,089 -,085 ,119 -,055 ,108 ,006 ,023 ,089 ,120 -,078 ,118 -,014 ,056 ,182 ,086 ,067 
BRUSONI S, 2001, ADMIN SCI QUART, 
V46, P597 
,020 ,622 -,041 -,052 -,034 -,001 ,103 -,099 -,124 -,004 ,321 ,092 ,096 ,083 ,135 ,055 ,015 ,059 ,010 ,079 
PRENCIPE A, 2003, BUSINESS SYSTEMS 
INT 
,116 ,611 -,088 -,044 -,050 ,048 ,002 -,043 -,003 -,025 ,075 -,024 -,132 -,028 ,117 ,147 ,181 ,017 ,127 -,054 
LANGLOIS RN, 2003, IND CORP 
CHANGE, V12, P351 
-,063 ,587 ,104 ,043 -,033 ,069 ,041 -,044 -,066 -,018 ,411 ,001 ,056 -,028 -,163 -,023 -,092 -,110 -,082 -,142 
GALVIN P, 2001, IND INNOV, V8, P31 ,186 ,540 ,154 ,061 -,003 ,139 -,071 ,177 ,147 -,058 -,181 -,149 ,045 -,065 -,091 -,131 -,032 ,069 ,050 ,002 
TAKEISHI A, 2002, ORGAN SCI, V13, P321 ,033 ,521 -,004 ,057 -,030 ,039 -,010 -,076 -,011 -,001 -,058 ,125 -,040 ,028 ,101 -,030 ,191 ,053 -,002 ,232 
LANGLOIS RN, 2002, J ECON BEHAV 
ORGAN, V49, P19 
,156 ,408 ,132 ,257 -,035 -,102 ,037 -,090 -,048 ,054 ,194 ,131 ,120 -,018 ,003 -,200 -,285 ,085 -,103 ,159 
GARUD R, 2003, MANAGING MODULAR 
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CHESBROUGH HW, 1999, MANAGING 
IND KNOWLED, P202 
,011 ,376 ,083 -,009 ,147 -,178 ,147 -,014 -,095 ,010 ,173 ,016 ,003 ,101 -,036 ,128 ,286 -,069 ,065 -,153 
SANCHEZ R, 1996, STRATEGIC MANAGE 
J, V17, P63 
,254 ,366 ,267 ,146 -,002 ,072 ,293 ,065 ,109 -,113 ,031 ,128 ,209 ,149 ,354 -,071 ,175 ,030 -,040 ,045 
GARUD R, 1993, STRATEGIC MANAGE J, 
V14, P351 
,080 -,106 ,580 -,086 ,108 -,016 ,069 ,100 -,039 -,041 ,083 ,128 -,085 ,069 ,034 ,174 -,075 ,141 ,217 ,065 
LANGLOIS RN, 1992, RES POLICY, V21, 
P297 
,064 ,172 ,570 -,012 ,056 ,024 ,305 -,006 ,003 ,104 ,171 ,032 ,154 ,075 -,109 ,107 ,077 ,083 ,047 ,142 
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GARUD R, 1995, STRATEGIC MANAGE J, 
V16, P93 
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PRODUCT FAM 
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-,077 ,034 -,026 ,395 -,008 ,335 -,021 -,018 -,015 -,026 ,333 -,044 -,082 -,015 ,114 ,087 -,094 ,010 ,005 ,087 
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COLLIER DA, 1982, MANAGE SCI, V28, 
P1296 
,049 -,057 ,025 -,044 ,825 -,049 -,010 -,041 ,094 -,063 ,005 ,009 -,083 ,039 -,008 ,063 -,005 -,035 -,047 -,033 
COLLIER DA, 1981, DECISION SCI, V12, 
P85 
-,019 ,028 ,000 -,014 ,788 -,009 -,014 ,110 ,170 ,003 -,033 -,023 -,018 -,050 -,011 ,019 ,004 -,041 -,001 ,009 
DOGRAMACI A, 1979, AIIE T, V11, P129 ,139 -,036 ,185 ,007 ,758 ,004 -,019 ,007 ,008 ,025 -,036 ,006 -,087 ,005 ,028 ,029 -,048 ,013 ,069 -,119 
BAKER KR, 1986, MANAGE SCI, V32, 
P982 
,004 -,048 ,119 -,042 ,593 -,068 ,019 ,048 ,061 ,120 ,006 -,029 ,005 ,059 -,007 ,068 ,077 -,033 -,081 ,063 
GUPTA S, 1999, PROD OPER MANAG, V8, 
P163 
,179 -,019 -,105 -,014 ,577 ,060 -,048 -,004 ,221 ,210 -,026 -,033 ,105 ,030 -,063 -,220 -,075 ,049 ,138 ,098 
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FIRM 
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PRAHALAD CK, 1990, HARVARD BUS 
REV, V68, P79 
-,047 ,018 ,077 -,089 -,020 ,583 -,024 ,131 -,074 -,059 ,126 ,408 ,038 ,014 -,163 -,119 ,009 -,042 -,042 -,104 
WERNERFELT B, 1984, STRATEGIC 
MANAGE J, V5, P171 
-,036 -,022 -,003 -,048 -,004 ,564 -,058 -,044 -,047 -,006 ,046 ,144 ,034 ,107 ,261 -,010 ,030 ,157 ,052 ,080 
TEECE DJ, 1997, STRATEGIC MANAGE J, 
V18, P509 
-,016 ,001 ,011 ,221 -,039 ,549 ,281 ,009 ,207 -,010 ,115 -,185 ,195 -,108 ,047 ,001 -,009 -,126 -,132 ,081 
BARNEY J, 1991, J MANAGE, V17, P99 ,119 -,112 ,044 ,037 -,076 ,539 -,096 ,043 ,022 -,071 ,011 ,226 ,065 ,000 ,028 -,092 ,247 ,039 ,133 ,022 
EISENHARDT KM, 2000, STRATEGIC 
MANAGE J, V21, P1105 
,180 ,035 -,041 ,001 -,080 ,523 ,314 -,091 ,093 -,029 -,051 -,104 ,145 -,095 ,213 ,141 -,055 -,117 -,196 ,062 
HAMEL G, 1994, COMPETING FUTURE ,140 -,049 -,060 ,147 -,018 ,391 ,285 ,038 -,054 ,002 -,096 ,124 ,013 -,005 -,090 ,030 -,084 ,197 ,066 -,324 
ABERNATHY WJ, 1978, TECHNOL REV, 
V80, P40 
-,075 ,081 -,036 ,004 -,087 -,008 ,719 -,031 ,175 ,009 ,114 ,011 -,087 ,020 ,085 -,052 ,063 -,127 ,093 -,021 
TUSHMAN ML, 1986, ADMIN SCI 
QUART, V31, P439 
-,064 -,031 ,089 ,034 -,033 ,204 ,679 ,025 -,089 -,059 -,070 -,017 -,069 ,010 ,117 ,111 -,091 ,072 ,111 ,021 
CHRISTENSEN CM, 1995, RES POLICY, 
V24, P233 
-,078 -,016 ,290 ,005 ,165 -,021 ,559 ,008 ,075 -,026 -,017 -,071 ,070 -,083 -,004 ,006 ,201 ,301 -,135 -,087 
ANDERSON P, 1990, ADMIN SCI QUART, 
V35, P604 
,000 -,015 ,061 -,030 -,029 ,180 ,555 -,003 -,080 -,051 ,140 ,242 -,058 -,017 -,196 -,246 ,169 -,116 ,032 -,075 
CLARK KB, 1985, RES POLICY, V14, P235 ,025 -,090 ,460 -,032 ,047 ,024 ,500 -,062 ,044 ,037 ,043 ,111 -,009 ,073 -,017 -,005 -,026 ,090 ,151 ,085 
UTTERBACK JM, 1994, MASTERING 
DYNAMICS I 
-,065 ,175 ,353 ,059 ,178 -,111 ,462 ,025 -,009 -,057 ,040 ,075 -,028 -,039 -,085 -,024 -,100 -,161 ,145 ,236 
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NELSON RR, 1982, EVOLUTIONARY 
THEORY 
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PLATFO 
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ROBERTSON D, 1998, SLOAN MANAGE 
REV, V39, P19 
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FISHER M, 1999, MANAGE SCI, V45, P297 ,295 -,026 ,041 -,034 ,289 -,045 -,024 ,204 ,513 ,140 -,016 -,018 ,056 -,123 -,047 ,154 ,060 -,059 ,032 -,056 
LEE HL, 1997, MANAGE SCI, V43, P40 ,014 -,012 ,042 ,006 ,044 -,018 -,084 ,097 ,432 ,421 ,006 ,041 -,044 ,013 -,017 -,063 ,025 -,014 ,049 -,005 
KRISHNAN V, 2001, MANAGE SCI, V47, 
P1 
,365 ,026 -,195 -,052 ,354 -,042 ,033 ,062 ,424 -,120 -,014 ,054 ,023 ,148 -,028 -,012 -,047 -,031 ,159 -,081 
NOVAK S, 2001, MANAGE SCI, V47, P189 ,177 ,114 -,173 -,041 ,183 ,061 -,034 ,290 ,355 ,049 ,076 -,015 ,110 ,013 ,144 -,183 ,022 ,013 ,229 ,063 
KUSIAK A, 1996, IEEE T COMPON PACK 
A, V19, P523 
,027 -,040 ,003 -,035 ,031 -,004 -,014 ,003 -,032 ,729 -,039 -,031 ,008 ,024 -,036 ,037 -,013 ,035 -,060 ,046 
JIAO JX, 1999, J INTELL MANUF, V10, P3 ,127 -,061 ,001 -,014 ,113 -,018 -,021 ,080 -,057 ,726 -,018 -,024 ,010 ,025 -,002 -,047 ,005 ,022 -,066 ,071 
SUH NP, 1990, PRINCIPLES DESIGN ,028 -,055 ,049 -,033 -,069 ,009 ,000 ,060 ,227 ,621 ,002 ,018 ,005 ,132 -,056 -,024 -,035 -,047 ,139 -,011 
PAHL G, 1996, ENG DESIGN SYSTEMATI ,107 -,071 -,022 -,090 -,032 -,065 ,001 ,009 ,347 ,555 ,013 ,079 -,035 ,189 -,023 ,065 -,042 -,070 ,003 -,061 
EVANS D, 1963, OPER RES, V11, P637 ,128 -,034 ,254 ,001 ,398 -,041 -,003 ,157 -,010 ,483 -,019 -,040 ,023 -,022 ,024 -,038 ,069 -,028 -,104 ,075 
HUANG CC, 1998, IEEE T SYST MAN CY 
A, V28, P66 
,013 ,128 -,016 -,024 ,025 -,032 -,036 -,038 -,109 ,419 -,043 -,033 -,057 -,094 -,019 ,081 -,042 -,049 ,021 -,067 
SANCHEZ R, 2000, INT J TECHNOL 
MANAGE, V19, P610 
,239 -,088 ,222 -,032 -,041 -,006 ,119 ,043 ,120 ,379 ,042 ,076 -,121 ,221 ,084 -,272 -,070 -,098 ,140 -,156 
CHANDLER AD, 1977, VISIBLE HAND 
MANAGER 
-,041 ,067 ,043 ,097 -,004 ,116 ,146 ,011 -,040 -,010 ,692 ,024 -,011 -,036 -,109 ,014 -,041 ,065 -,029 ,073 
WILLIAMSON OE, 1985, EC I 
CAPITALISM 
,045 ,133 ,099 ,049 -,074 ,189 ,007 -,024 -,070 -,057 ,598 ,019 ,037 -,019 ,263 -,101 ,193 ,255 ,078 -,004 
JACOBIDES MG, 2005, STRATEG 
MANAGE J, V26, P395, DOI 
10.1002/smj.460 
,026 ,121 -,146 ,020 -,016 ,045 ,049 ,078 ,015 -,044 ,551 -,052 ,035 ,051 ,192 -,160 ,225 -,026 ,027 ,163 
COASE RH, 1937, ECONOMICA-NEW 
SER, V4, P386 
-,036 ,130 -,008 ,075 -,027 ,006 -,081 -,088 -,003 -,008 ,522 -,011 ,044 -,051 ,135 ,159 ,170 ,139 -,116 -,031 
JACOBIDES MG, 2005, ACAD MANAGE J, 
V48, P465 
,078 ,318 ,180 ,050 -,047 -,060 ,074 -,094 -,031 -,042 ,422 -,107 ,068 ,012 -,078 -,104 ,133 -,039 ,141 -,056 
NONAKA I, 1994, ORGAN SCI, V5, P14 -,044 ,002 ,010 -,044 -,068 ,095 ,016 ,021 ,150 -,004 -,093 ,712 ,072 ,006 ,070 -,014 ,030 ,102 -,081 -,069 
VONHIPPEL E, 1994, MANAGE SCI, V40, 
P429 
-,040 ,113 ,240 -,061 -,028 ,119 -,023 ,072 -,092 -,080 ,078 ,486 -,037 -,005 ,072 ,135 -,227 ,197 ,135 -,026 
COHEN WM, 1990, ADMIN SCI QUART, 
V35, P128 
-,084 ,116 -,052 ,173 ,017 ,274 ,204 -,053 -,153 ,003 -,169 ,459 ,127 -,052 ,070 ,006 ,154 ,027 ,136 ,158 
PORTER ME, 1985, COMPETITIVE 
ADVANTAG 
,000 ,048 ,019 ,056 ,028 ,322 -,012 -,083 ,078 ,001 -,029 ,446 -,094 ,017 -,157 -,073 ,225 ,182 ,137 -,280 
MEYER MH, 1993, SLOAN MANAGE 
REV, V34, P29 
,030 -,110 ,202 -,044 ,066 ,082 ,069 -,097 ,310 ,178 ,049 ,406 -,162 ,029 -,060 -,037 -,037 ,020 ,008 -,001 
DIERICKX I, 1989, MANAGE SCI, V35, 
P1504 
,019 -,027 ,161 -,001 ,106 ,376 ,050 ,118 -,020 -,099 ,115 ,392 -,023 -,064 ,059 -,063 ,125 ,012 -,140 ,186 
MARCH JG, 1991, ORGAN SCI, V2, P71 -,031 ,034 -,011 ,245 -,025 ,122 ,102 -,053 -,031 -,037 -,216 ,389 ,010 ,024 -,028 ,068 ,165 -,168 ,114 ,301 
DOSI G, 1982, RES POLICY, V11, P147 -,004 ,090 ,042 ,054 -,033 -,040 ,239 -,084 -,091 ,025 ,039 ,386 ,038 -,066 -,012 ,005 ,287 -,073 -,003 -,053 
MORRIS CR, 1993, HARVARD BUS REV, 
V71, P86 
-,037 -,095 ,179 -,069 -,133 -,035 ,074 ,140 ,264 ,012 ,128 ,362 -,077 ,029 -,129 ,151 -,017 -,040 ,234 ,224 
NONAKA I, 1995, KNOWLEDGE 
CREATING C 
,050 ,070 -,059 ,088 -,021 -,011 ,004 -,106 -,041 -,022 -,050 ,344 ,256 -,100 ,326 ,108 -,107 -,010 -,121 ,105 
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MILES M, 1984, QUALITATIVE DATA 
ANA 
,156 -,118 ,045 -,066 -,082 -,012 -,070 -,109 -,007 -,078 ,056 ,101 ,702 ,018 ,046 ,064 ,089 -,056 -,036 -,010 
YIN RK, 1984, CASE STUDY RES DESIG -,029 ,193 -,001 -,059 ,001 ,043 ,111 ,048 ,133 ,042 -,024 -,053 ,668 -,025 -,036 -,131 ,039 ,146 -,007 -,116 
GLASER BG, 1967, DISCOVERY 
GROUNDED T 
,055 -,047 ,054 ,031 -,037 -,002 -,089 -,034 ,040 -,096 ,026 -,047 ,650 ,189 -,065 ,066 -,039 -,083 ,003 -,053 
EISENHARDT KM, 1989, ACAD MANAGE 
REV, V14, P532 
-,008 ,119 -,073 -,066 ,064 ,057 ,007 ,322 ,045 ,020 ,095 ,045 ,576 -,009 -,092 -,166 -,121 -,192 ,090 ,140 
GRANT RM, 1996, STRATEGIC MANAGE 
J, V17, P109 
-,051 ,106 -,032 ,155 ,001 ,167 -,040 -,120 ,009 ,047 -,068 ,054 ,431 -,113 ,240 ,050 ,075 ,113 ,149 ,114 
BALDWIN CY, 2000, DESIGN RULES 
POWER M 
,295 ,272 ,190 ,207 -,054 ,134 ,119 ,005 ,125 -,018 ,147 -,134 ,299 ,297 -,103 -,100 ,164 ,004 ,080 ,053 
CLARK KB, 1991, PRODUCT DEV 
PERFORMA 
,048 ,008 ,023 ,076 ,109 ,065 ,106 ,101 ,139 -,163 ,087 ,152 ,235 ,188 ,182 ,164 ,019 ,073 ,023 -,026 
EPPINGER SD, 1994, RES ENG DES, V6, 
P1 
-,003 -,056 ,013 ,049 ,004 -,028 -,006 -,039 -,043 -,072 -,056 -,089 ,071 ,752 -,089 ,069 ,055 -,027 -,042 -,032 
STEWARD DV, 1981, IEEE T ENG 
MANAGE, V28, P71 
,074 -,033 ,001 ,015 -,010 ,012 -,037 -,044 -,042 ,181 -,029 -,082 -,065 ,630 ,024 -,087 -,012 ,097 -,077 ,033 
ALLEN TJ, 1977, MANAGING FLOW 
TECHNO 
-,139 ,078 -,091 ,263 ,011 ,016 ,046 ,026 -,055 -,038 -,171 ,076 ,142 ,466 ,000 ,098 -,030 -,079 ,033 -,098 
BROWNING TR, 2001, IEEE T ENG 
MANAGE, V48, P292 
,242 -,064 -,031 -,056 ,053 -,028 ,015 -,055 ,153 ,283 ,092 ,053 -,111 ,450 ,070 -,165 -,038 ,066 ,026 -,002 
VONHIPPEL E, 1990, RES POLICY, V19, 
P407 
-,110 ,073 ,049 -,017 ,076 -,024 ,061 ,134 -,015 ,041 ,116 ,074 ,175 ,404 ,033 ,331 ,009 ,105 -,006 ,194 
ALEXANDER C, 1964, NOTES 
SYNTHESIS FORM 
,217 ,070 ,210 ,151 -,006 ,247 -,066 -,044 -,034 ,050 ,153 -,006 ,033 ,397 -,070 ,113 -,141 -,037 -,054 ,182 
ULRICH KT, 1995, PRODUCT DESIGN 
DEV 
,310 -,023 ,077 ,059 ,256 -,088 ,119 ,095 ,267 ,076 -,078 ,104 ,104 ,352 ,138 ,164 -,025 ,089 ,015 -,037 
WILLIAMSON OE, 1991, ADM SCI Q, V36, 
P269 
-,058 ,041 ,116 -,013 -,032 ,062 -,022 -,033 -,038 -,032 ,156 -,062 -,030 -,016 ,569 -,021 ,028 -,076 -,040 ,007 
WILLIAMSON OE, 1975, MARKETS 
HIERARCHIES 
-,056 ,050 -,026 -,021 -,024 ,228 ,115 -,062 -,090 -,024 ,114 -,050 -,041 ,041 ,569 ,184 ,033 ,152 ,209 ,098 
MIKKOLA JH, 2003, R&amp;D MANAGE, 
V33, P439 
,228 -,108 ,153 -,012 ,104 -,063 -,027 ,110 ,194 -,011 ,072 ,185 ,107 -,088 ,484 -,083 ,041 -,060 ,018 -,144 
NUNNALLY JC, 1978, PSYCHOMETRIC 
THEORY 
,071 ,016 ,039 -,009 -,062 ,027 ,005 ,159 -,134 -,072 -,133 ,024 -,071 ,019 ,379 -,227 -,024 ,132 ,022 ,011 
WEICK KE, 1976, ADM SCI Q, V21, P1 ,172 -,006 ,115 ,112 -,018 ,383 ,077 ,070 -,076 -,054 -,062 ,087 -,101 ,007 -,005 ,447 ,083 ,089 ,278 ,085 
SCHILLING MA, 2001, ACAD MANAGE J, 
V44, P1149 
,289 ,256 ,241 ,111 ,042 ,124 ,099 ,079 ,010 -,086 ,011 ,021 -,125 ,036 ,265 -,406 ,145 -,111 -,098 ,243 
NEVINS JL, 1989, CONCURRENT DESIGN 
PR 
,010 -,026 ,147 -,072 ,165 -,078 ,053 ,028 -,014 ,032 -,045 ,030 -,046 ,132 -,035 ,378 -,014 -,099 ,212 ,043 
CHESBROUGH HW, 1996, HARVARD 
BUS REV, V74, P65 
-,067 ,066 ,073 -,058 -,031 ,057 -,035 ,082 ,008 -,039 ,149 ,138 ,060 -,016 ,018 -,018 ,606 -,045 -,063 ,014 
TEECE DJ, 1986, RES POLICY, V15, P285 ,090 ,081 ,024 -,002 ,042 ,137 ,173 ,087 ,050 -,065 ,348 -,034 -,043 -,050 ,098 ,093 ,595 -,041 -,003 ,068 
WOMACK JP, 1990, MACHINE CHANGED 
WORL 
-,079 ,056 ,049 -,041 -,041 ,011 ,108 ,117 ,108 -,078 ,111 ,009 -,039 ,059 ,064 -,023 -,076 ,653 -,013 ,098 
RICHARDSON GB, 1972, ECON J, V82, 
P883 
-,062 ,137 ,013 -,007 -,046 ,056 -,049 ,158 -,001 -,020 ,172 ,104 -,036 ,083 ,053 ,075 -,136 ,572 -,020 ,076 
PORTER ME, 1980, COMPETITIVE 
STRATEGY 
-,014 -,001 ,025 ,174 ,002 ,276 -,012 -,085 ,033 ,006 -,022 ,113 ,033 -,093 -,125 -,115 ,245 ,525 ,114 -,197 
VONHIPPEL E, 1983, SOURCES 
INNOVATION 
,014 ,081 ,112 ,079 -,011 -,024 ,104 ,043 -,038 -,010 -,038 -,022 ,049 -,058 ,052 ,058 ,000 ,056 ,717 ,019 
SANCHEZ R, 1996, EUROPEAN 
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